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THE DETERMINATION OF CHARACTERISTICS INVOLVED IN 
THE ABILITY TO DRIVE AN AUTOMOBILE WITH EMPHASIS ON 
THE REACTIONS OF THE DRIVER 
LEVERNE JOHNSON AND J. E. EvANS 
From the Department of Psychology, Iowa State College 
Accepted for publication November 'l:l, 1937 
In the operation of the automobile on the highway, three definite fac-
tors are involved: the road, the automobile, and the human element. All 
accidents may be attributed to one or more of these three factors. 
Highway engineers have developed highways based upon the scienti-
fic results of engineering research. Automobile manufacturers have 
modified body construction, steering mechanism and tires, and have ex-
tended visibility for night driving by adding scientifically designed lights. 
In spite of the increasingly stringent state requirements for driving li-
censes and for periodic inspections, and of the tremendous emphasis 
placed by state and civic organizations on safe driving, accidents have 
continued to increase. 
There is a common belief that accidents are distributed among drivers 
according to the law of chance. However, in recent years science has 
demonstrated that accidents do not just happen. Each has a definite cause. 
One driver may consider himself as efficient as the other, and may attrib-
ute his accidents to bad luck, but the courts may declare such accidents 
due to carelessness; however, carelessness is not an explanation. 
In the main, the psychological study of accidents has been confined 
to the statistical analysis of factors influencing accident susceptibility. 
This statistical approach is the investigation of group tendencies. While 
this method is valuable in determining the causes of accidents in a whole-
sale way, it offers little in the way of procedures for applying the facts 
discovered to the individual case. In the present study the approach is 
clinical in that it deals with the individual and his adjustments. 
In the battery of tests developed for the present study, emphasis has 
been given to reaction time measurements. This is justified by the ob-
vious dependence of good driving upon the appropriate reactions of the 
driver. 
Most visual stimuli received while driving call for the application of 
the brakes, the turning of the steering wheel, or the acceleration or de-
celeration of the car. The driver responds to the sound of a horn or the 
noise of an approaching truck. Even his kinaesthetic sense is involved as 
body changes are made to accommodate to the car movements. In all of 
these reactions the time element is an important factor. 
It is conceded that a driver may not reveal his real driving defects 
under test conditions but it is maintained that, if observed sufficiently, 
there are certain habitual characteristics which will manifest themselves. 
This study is an attempt to select certain tests or measurements which 
may be used in the laboratory to determine the type of driving ability 
which a person taking the tests may possess, or of which he is capable. 
The experimental outdoor driving course was used to determine, 
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under controlled conditions, the actual driving ability of the person tested. 
This course will be referred to in the future as the "experimental driving 
course." If there is a high degree of relationship between the performance 
on the experimental driving course and the achievement in the laboratory 
tests, it would be possible to use the laboratory tests to measure actual or 
potential driving ability. The use of laboratory tests will simplify the 
testing program, reduce the time and expense necessary in making tests, 
make possible better controlled conditions under which to give the tests, 
and add to the ease of training experimenters. 
This investigation was undertaken primarily to determine whether 
the ability to drive an automobile can be determined by laboratory tests. 
Each driver was observed carefully while driving over a prescribed test 
route four miles in length and then taken into the laboratory and sub-
jected to the following tests: 
1. Simple reaction time with light as a stimulus. 
2. Simple reaction time in the presence of a high frequency sound of 
12,333 vibrations. 
3. Simple reaction time following an attempt to induce fatigue 
through use of the pursuitmeter for 10 minutes. 
4. Choice reaction time with lights as stimuli. 
5. Foot braking time with light as a stimulus. 
6. Foot reaction time with light as a stimulus. 
7. Speed-of-foot movement. 
8. Accommodation time to light and to darkness. 
9. Measurement of ocular dominance. 
Three experimental units are involved in this research. One repre-
sents the investigation of 14 subjects who made a total of 5,200 reactions, 
100 at each sitting. Two of these subjects made 1,000 reactions each, while 
the other made from 300 to 600 reactions. This information was used for 
standardization purposes. 
The second unit constitutes the information secured on 140 United 
States Engineers in the War Department and located in the arsenal at 
Rock Island, Illinois. Of the 140 drivers, 18 were chauffeurs. Most of these 
140 engineers, due to selection, training and daily work in driving cars, 
taxis and trucks, should be good drivers without exception, although the 
tests did not indicate that this was true in all cases. These were tested 
during January, 1936. While 247 engineers were tested, only the results 
on the 140 drivers have been used here except in the computation of the 
reliability of the tests in which the test results of all the 247 subjects were 
used. The age range of the engineers was from 19 years to 61 years. 
The third unit constitutes the information secured on 38 subjects at 
Iowa State College between September, 1935 and May, 1936. Of these, 
27 were undergraduate college students, 3 were graduate students, 4 
were high school students, and 4 were housewives. The age range was 
from 18 years to 52 years. 
With the exception of choice reaction time, the same tests were given 
to the subjects in the second and third units. Because of physical condi-
tions, the two experimental driving courses were not identical but they 
were comparable in every way. While the tests given to the engineers 
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were well controlled, conditions in the laboratory at Iowa State College 
were somewhat better controlled. 
APPARATUS AND PROCEDURE USED 
For both the simple.and the choice reactions the Dunlap chronoscope1 
was used with the Iowa State College group, while the Ewald, set up µi 
the conventional form, was used with the United States Engineers group. 
1. Simple reacticm time.2 After five practice trials eat!h subject in 
the United States Engineers group was given a series of 30 reactions. 
The subject sat at a table and reacted to a red light eight feet directly in 
front of him, by releasing the reaction key. A "ready" signal was given 
verbally from one to three seconds before the stimulus, timed by watching 
a stop watch. The Iowa State College subjects reacted to a white light 
placed 20 inches away in front of him. (Fig. 1) 
2. Simple reacticm time with a high frequency sound of 12,333 vibra-
tions. This test was the same as the simple reaction time test except that 
a high frequency sound was introduced. The sound apparatus was lo-
HIGH FREQUENCY 
SOUND APPARATUS 
19 
Fig. 2 
cated eight feet directly behind the subject. With the subject present the 
sound was produced for 30 seconds before the reaction series began. A 
series of 100 reactions was taken with a rest period of 30 seconds after the 
first 50 reactions. fhe high frequency sound continued during the rest 
period. The wiring diagram for the high-frequency · -sound apparatus is 
' This apparatus was made possible by a gift from the National Research Council. 
• In all cases, 100 reactions were obtained from the Iowa State College group, and 
30 from the U. S. Engineers group. 
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indicated in figure 2. This test was not given to the United States Engi-
neers group. 
3. Simple reaction time following the pursuitmeter test. The Meyer 
Pursuitmeter modified by Weiss and Renshaw was used in an unsuccess-
ful attempt to induce enough fatigue to modify the simple reaction time 
of the subject. · 
In the first series of movements the subject followed the pursuit 
movements by attempting to keep the electric terminal of the stylus in 
contact with the terminal of the moving bar. When contact was lost, the 
bar would come to a complete stop in 2.5 seconds. The score was negative 
and represented the number of times the contact was lost. This series 
required 5 minutes. 
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The last series of movements consisted of holding the electrode of the 
stylus inside a one-half inch hole which moved with the moving bar. 
When the stylus touched the side of the hole an error was registered. If 
the stylus rode the side of the hole, the bar stopped. The last series of 
movements lasting 5 minutes followed the first with a five-second inter-
val between for changing the switches. With the exception of the five-
second interval, the subject was required to concentrate intently upon 
the pursuit movements during the entire 10 minutes. 
4. Choice reaction time. The subject reacted by removing his right 
index finger from the right key, or his left index finger from the left re-
action key, depending upon whether the light stimulus appeared at the 
right or at the left of the subject. The stimulus was 20 inches away from 
the subject. This test was not given to the United States Engineers. A 
series of 100 reactions was obtained from each subject with a rest period 
of 30 second at the end of 50 reactions. A series of 25 presentations, 13 
left and 12 right, in random order, was given and then repeated. (Fig. 3) 
5. Foot braking time. Each subject was given the following instruc-
tions: "This test is to determine the time needed by you to move your 
foot from the accelerator pedal to the brake pedal and to depress this 
brake to the floor board. Push the accelerator down until a buzz is heard. 
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Hold it down until the red stimulus light appears. When the red light 
appears, put the brake on as quickly as you can by pushing the brake 
pedal down until a dull buzz is heard under the seat where you are sitting. 
In about five seconds after each reaction, place your foot back on the 
accelerator to be ready for the next reaction." Pressure used on the 
pedal was determined by taking the average brake pedal pressure on 12 
standard makes of cars. This amounted to 32 pounds. 
After giving detailed instructions and two practice trials, 25 reactions 
were made by each subject. The stimulus, a red light, .was set 10 feet 
directly in front of the subject. No "ready" or warning signal was given, 
except at the beginning of the series. 
6. Foot reaction time. After the test of foot braking time, the fol-
lowing additional instructions were given for the simple foot reaction 
time: "The principle is the same in this test except that you simply re-
move your foot from the accelerator pedal as quickly as you can after 
the red light appears. Concentrate upon the red light." 
Two practice trials were given. A series of 25 reactions was taken. 
The stimulus light was in the same position as for the foot-braking-time 
test and no "ready" signal was given. 
The accessory part of the foot-braking-time and foot reaction time 
apparatus consisted of a steel frame fitted with a steering wheel, clutch, 
brake and accelerator pedals, and an adjustable seat. (Fig. 4) Both the 
brake and accelerator pedals were attached to switches for starting and 
stopping the chronoscope. The steering wheel was rigid and was used 
only for the subject to grasp. When the accelerator was depressed a 
small buzzer sounded, indicating to both the subject and the operator that 
the circuit was completed. Likewise, the brake pedal was equipped with 
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a buzzer to indicate when it was depressed sufficiently to complete the re-
action circuit and to make the test uniform for all subjects. 
The visual stimulus was a 20 watt, 110-volt bulb mounted behind a 
red tail light lens four inches in diameter and set 10 feet in front of the 
subject. 
7. Speed-of-foot movement. A foot tapping apparatus was used. Two 
small pedals, similar to the accelerator pedal of an automobile, were 
placed on a board inclined at an angle of 30 degrees with the floor. The 
two pedals were placed seven inches apart and held in position by a small 
coil spring around the shaft of each. The right pedal was attached to a 
Veeder counter. Timing was done with a stop watch. 
The following instructions were given: "This is a test to determine 
the speed at which you can move your foot between the two pedals. With 
the right foot push first one pedal and then the other as fast as you can. 
The test will continue for two minutes. Continue tapping until told to 
stop." 
8. Accommodation to light and to darkness. In this apparatus the 
light was produced by a standard 1936 Ford headlight with a 32-candle 
power bulb. The light was focused directly into the subject's eyes from a 
distance of 20 feet. At this distance the light was just slightly more than 
7 . foot candle power. The light was operated from a separate battery 
by means of two relays. One relay turned the light on when the subject 
was accommodating to light, and the other turned the light off when the 
subject was accommodating to darkness. Both parts of the accommoda-
tion tests were performed in a semi-darkened room. 
The stimulus lights projected the letters "R" or "L" on a ground-
glass on the front of the box containing the stimulus lights. The subject 
reacted to the letters by releasing the corresponding right or left hand 
key, depending upon which letter was revealed. 
The height of the stimulus letters was 1.25 inches. According to the 
Snellen visual acuity chart, such letters are visible to persons with vision 
as low as 29 per cent at a distance of 20 feet. Each letter always appeared 
at the same place on the ground glass, which prevented the subject from 
getting any cue from the position of the letter. 
The subject was seated 20 feet from the headlight and directly in 
front of the stimulus box. The stimulus box was located the same distance 
away and two feet to the right of the headlight. The following instructions 
were given the subject: "This test is to determine how long it will take you 
to accommodate to a bright light shining directly into your eyes. Look 
at the stimulus box all of the time. Do not change the position of your 
head. Keep both keys before ·you depressed. The headlight and the stim-
ulus light will appear at the same time. As soon as you can read the 
letter "R" or "L" on the glass in the front of the stimulus box, react by 
removing the right or left hand from the key, depending upon whether 
the "R" or "L" has appeared." 
The test for accommodation to darkness followed after a rest period 
of two minutes in a semi-darkened room. The following instructions were 
given: "This time the light will shine between reactions and you react 
to the same stimulus as before, when the light from the headlight disap-
pears." As the stimulus lights and the relay operating the headlight were 
wired in series, the headlight disappeared and the stimulus letter appeared 
simultaneously. 
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A series of 10 measurements was taken for each type of accommoda-
tion, five to "R" and five to "L". A chance order was followed. (Fig. 5) 
9. Determination of ocular dominance. A hollow truncated cone 14 
inches long and slightly flattened and with a hole at the small end, 0.125 
inches in diameter, was used. The cone was mounted on a rigid base. The 
subject looked through the large end of the cone at a white vertical line 
114 of an inch wide on a black background five feet from the end of the 
cone. 
By the use of such a cone, unilateral vision was forced, although the 
subject usually thought he was seeing with both eyes. The small end of 
this ocular dominance cone was directed by the experimenter at a point 
18 inches to one side or the other of the white line, then the subject was 
instructed to swing the cone back until he could see the white vertical line. 
This was repeated for the left side. Six trials were given on each side. 
10. The experimental driving course. Although a driving history of 
each subject was obtained, it was felt that this history was not sufficiently 
adequate, as many subjects seemed reluctant to reveal accidents which 
we knew they had previously had, or to admit that the accident was due 
to their inability to drive well. However, what information was obtained 
correlated closely with the results on the driving field, and with the results 
of the laboratory tests. 
To determine the driving ability of the subjects under uniform condi-
tions, an experimental driving course was used. This test was very 
similar for both the United States Engineers and the Iowa State College 
group, although given on different driving courses. 
The achievement of the subjects on the experimental driving course 
constitutes the criterion of driving ability. Those classified in the lower 
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fifty percent of the group were designated as 'poor', while those in the 
upper fifty per cent were termed 'good' drivers. All the observations and 
scoring of drivers on the outdoor driving course was done by one person 
and all conditions kept uniform. The driving rating scale used is found 
in appendix I. 
The test results obtained in the laboratory were checked against this 
driving field criterion. While such a criterion cannot be absolutely accur-
ate, it is very difficult, if not impossible, to secure a more reliable criterion. 
In laying out the experimental driving course for this study, the 
attempt was made to include as many of the conditions of everyday driv-
ing as possible. The four-mile course included many of the natural haz-
ards found in driving. To these natural hazards several artificial ones 
were added. (Fig. 6) 
Three miles of the course were concrete paved and the remaining 
mile was a single lane road surfaced with cinders. There were six left 
turns, seven right turns and three busy intersections. One block was of 
heavy traffic and the subject entered it with a right turn. He was required 
to cross the traffic by turning left. Three stop signs used by regular 
traffic were included. One of these was at a busy street intersection, one 
was encountered upon entering a heavily travelled street, (Lincoln 
Highway) and the other was at a less frequently travelled intersection. 
One corner was obstructed by a high bluff around which the subject 
could not see until at the intersection line. A hidden horn was located 
behind the bluff and was sounded as the subject reached a point 100 feet 
from the corner. 
Before starting the outdoor test each subject was told briefly that 
the results of his outdoor driving test would be compared with the results 
of the tests taken in the laboratory. After this brief explanation, each sub-
ject was given the following instructions: "You are to drive as you ordin-
arily do. You will drive over a selected driving course which I shall indi-
cate to you as we drive along." The subject then began the trip over the 
designated course. The observer rode in the front seat with the subject. 
No mention was made of the natural or artificial hazards to be encoun-
tered. All possible observations were made of the subject and recorded on 
the data sheet by the observer. No information which might influence 
the driving was given in response to the questions of the subject. The 
subject secured no information from the data sheet.• 
During the Iowa State College experiment, an additional car was 
used to increase the number of hazards. This car was in charge of the 
same assistant at all times. The assistant's car always started a few min-
utes ahead of the test car, but the subject did not know in the beginning 
that this car would participate in the experiment. 
RELIABILITY OF TESTS USED 
1. Simple reaction time. A series of 30 reactions was taken and the 
reliability calculated by correlating the means of the first 15 measures 
with the means of the last 15 measures. The coefficient obtained was .85. 
Highly significant point is .208. (6) According to Fisher, a correlation co-
efficient of .304 is significant and one of .393 is highly significant for a 
•A set of directions for using the driving rating scale, with a detailed statement of 
the driving procedure will be supplied upon request. 
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group of 40 samples. This would indicate that the above tests are of suffi-
cient reliability at least for group comparisons. 
2, 3, 4. Simple reactian time, choice reaction time, simple reaction 
time after the pu.rsuitmeter test, and simple reaction time with high fre-
qu.ency sou.nd. For the Iowa State College group the reliability coefficient 
of these tests was obtained by correlating the means of the first 50 reac-
tions with the second 50 reactions. 
5. Foot braking time test. In measuring the speed of movement from 
accelerator to brake, 25 measures were taken for each subject. The relia-
bility was computed by correlating the means of the first 13 measures with 
the means of the last 12 measures. The reliability was .82. 
6. Foot reactian time. A series of 25 reactions was taken and the 
reliability calculated by correlating the means of the first 13 measures 
with the means of the last 12 measures. The coefficient obtained was . 78. 
7. Speed-of-foot movement test. This test was given twice to 22 sub-
jects. The second trial was given not more than two days later than the 
first and within and hour of the same time of day. The reliability coeffi-
cient was .77. The effect of practice probably had an influence although 
each subject had an equal chance of improvement on the second trial. 
8. Accommodation time to light and to darkness. Due to the nature 
of the test and the limited number of measurements made because of 
excessive eye strain, the method of correlation did not seem adequate for 
determining the reliability of the accommodation measurements. For that 
reason an analysis of variance was calculated. It is obvious that if the 
scores on a test vary more within the range of the individual's scores than 
between the means of the individuals tested, it is of little statistical value. 
The two following tables show the results of the analysis. A single criter-
ion of classification with equal numbers of observations in the classes was 
used. 
TABLE 1. Analysis of variance 
Accommodation to light 
Source 
Total . . .... .. . .. . .. . . . .. .. . .... . ... . ......... . . . 
Between means .. . ... . .... . ..... . .. . . .. .... . . . . . 
Within groups ....... .... . ... ..... . ... . . .... . .. . 
D.F. 
119 
11 
108 
Sum of 
Squares 
144,414 
102,446 
41,968 
F = 9,313.27 / 388.59 = 23.96 F must equal 2.69 to be significant. 
Mean Square 
1,213.35 
9,313.27 
388.59 
Statistically a value of F as high as the above value could not be at-
tributed to random sampling. An actual difference exists. There is less 
variation within each individual's scores on the average than between the 
means of different individuals. 
TABLE 2. Analysis of variance 
Accomodation to darkness 
Source 
Total ... . . ... . . ..... . . .. . ........ . . . ..... . ..... . 
Between means . . . .. . . ... . .. . . . .... . ... . . .. .. .. . 
Within means . . . . . .. . . ... ... . .......... . ..... . . 
D.F. 
119 
11 
108 
Sum of 
Squares 
37,126 
22,416 
14,710 
F = 2,037.71/ 136.20 = 14.96 F must equal 2.69 to be significant. 
Mean Square 
311.98 
2,037.81 
136.20 
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As stated for the value of F in the previous table, it is evident that an 
F-value as high as the above cannot be attributed to random sampling. 
The score of any subject does not vary significantly within itself but the 
individual mean scores vary from one subject to the other. 
9. Measurement of ocular dominance. Since the test results of ocular 
dominance were not expressed in numerical figures, they were not in-
cluded in the previous statistical analysis. Of the group there were six 
subjects who were dominant in one eye. Four were dominant in the right 
eye and two in the left. The mean score on the driving test for this group 
was 15.82 which is insignificantly higher than the mean for the entire 
group. 
10. Experimental driving course test. Due to the type of test and the 
number of subjects used, no attempt was made to give the test more than 
once to each driver. In order to obtain a measure of reliability, the data 
sheet was divided into two parts, and the mean of the first half correlated 
with the mean of the second half. The reliability coefficient obtained was 
.56 with the 247 United States Engineers, and .682 with the 1 Iowa State 
College group of 38 cases. Highly significant point is .160. (6) 
11. The preliminary experiment. The preliminary experiment was 
performed on 14 subjects for the primary purpose of determining the 
number of reaction measurements necessary to insure an accurate index 
to the subject's speed of reacting, and for improving the reaction time 
technique to be used in the later units of this research. The only measure-
ment taken was simple reaction time to a visual stimulus. The same ap-
paratus under the same conditions was used in this experiment as in the 
Iowa State College unit. 
Each subject was given 10 preliminary reactions before the series be-
gan. At each sitting 100 reactions were taken with a rest period of 30 sec-
onds after the first 50 reactions. 
All tests were given in the afternoon usually between the hours of 
four and six o'clock, and no subject was given more than 100 reactions 
at one sitting. A total number of 5,200 reactions was taken. Two subjects 
gave 1,000 reactions each and the others from 300 to 600 reactions. 
To obtain the reliability of the test the first 50 measurements were 
correlated with the second 50 for each trial. The Pearson products-
moment method was used, with the modified Ayers formula. A correla-
tion coefficient of .92 was obtained, which is highly significant. Signifi-
cant values of r for 50 trials = .273 to .354. (6) 
The mean of the first 50 reactions for each subject wa,s .216 seconds. 
The mean of the second 50 reactions for each subject was .219 seconds. 
The following table shows the results of the analysis of the difference. 
TABLE 3. Analysis of reaction times 
Serles Number Trials 
First 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Second 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Mean difference = .003. S.D. difference = 5.72. 
S. D. = 4.01 for first 50, and 4.08 for second 50 . 
. 003 
T = - = .00052 (insignificant). 
5.72 
T should be at least 2.008 to be significant. (6) 
Means 
.216sec. 
.219 sec. 
S.D. 
28.71 
29.10 
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From these data it is evident that there is little difference between 
the first 50 reactions and the second 50 reactions. This is more evident 
when one considers the fact that the reliability of the test was .92. 
However, the small difference was quite consistent. In 81 per cent of the 
cases the average time for the second 50 reactions was longer than for the 
first 50 reactions. This might indicate possible fatigue, or ennui. 
In order to determine the number of reactions necessary to obtain an 
accurate measure a curve was constructed. Points were plotted for from 
50 to 1,000 reactions. The data indicate that the subject reaches his 'react-
ing stride' after making about 300 reactions. 
TABLE 4. Summary of reliability of tests used 
IOWA STATIC COLLJX:JC 
GROUP 
U. S. EMGINDRS 
GROUP 
Test 
Reliability Number 
Coell\clent Caaes 
Reliability Number 
Coefficent Cases 
Simple reaction time .. . ..... , ....... . . . . .901 38 .... ·~' . . . . . ..... . 
Simple reaction time with high frequency 
sound .......... . . . ..... . ......... . . . . . .843 38 
Simple reaction time after pursuitmeter .. .876 38 
Choice reaction time ................... . .844 38 
Braking time .......................... .. .736 38 
Foot reaction time ......... . . . ........ .. . .801 38 
Experimental driving course ........... . . .682 43 
Speed-of-foot movement ........ . ...... . .. . . .. ... . . .. ... . 
----- ------
Accommodation time to light and darknes$ . 
Measurement of ocular dominance ........ . 
See pages 18 and 19. 
See 9, on page 20. 
STATISTICAL RESULTS 
.82 247 
.56 247 
.77 22 
1. For comparing the experimental driving scores with the scores on 
the other tests, a multiple correlation coefficient was calculated. The 
method used was that described by Wallace and Snedecor. (12) Table 5 
shows the zero order correlation coefficients found in the process of calcu-
lating the multiple correlation. 
TABLE 5. Zero order correlation coefficients 
A B c D E x 
A -.1046 -.1326 ,-.0867 .21ss• .2163• 
B .4637* .2840* -.2393• .2319• 
c .5529* - .4693• .1435 
D -.3901• .1724* 
--- ---
E -.1667• 
- - -
-x 
• Significant values of r. 
A = Experimental driving. D = Simple reaction time. 
B = Foot braking time. E = Speed-of-foot movement. 
C = Foot reaction time. X = Age. 
While the multiple correlation is barely significant for a comparison 
involving six variabJes it is of little predictive. value. 
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The experjmental driving test scores gave significant correlations 
with only two variables; speed-of-foot movement, and age. The effect of 
age was eliminated by partial correlation from all the comparisons involv-
ing experimental driving with the following results. All partial correla-
tions were calculated by the formula: 
l'12.s = ---------(1 - r1a2) (1 - r2a2) 
TABLE 6. Correlations 
Zero Order Correlation 
rAB = -.1046 
rAc = -.1326 
rAD = -.0867 
rAE = +.2188 
Partial Correlation 
rAB.X = .0546 
rAc.x = .1040 
rAD.X = .0806 
r AE.X = .1904 
The fact that rAB.x is much lower than rAB is of little importance, due 
to the fact that neither relationship is significant. The same is true of 
rAc and rAo· The only significant value, r = .2188, was not lowered signifi. 
cantly. 
TABLE 7. Test score of eighteen chauffeurs 
A 
1 .. ... .. ... . ................ .. 
2 .. .. ......... .. .. .. .... ...... . 
3 . .. . . . .. . ............. . .. '. .. . 
4 .. .. . .. , ,,, .. .... . .. .. .. . . . . . 
5 .... ...... .... .... .... .... .. . 
6 ...... .. .................... . 
7 .. ...... ...... .... .... .. .... . 
8 ...... .. ...... .. .... .. ...... . 
9 ...... .... ..... .. , .... .. .... . 
10 . .. . ..... . .. ,, .. ... . .. . . .. .. . 
11 .. . . . . ...... . . .... . ....... .. . 
12 .. ...... .. ........ ..... ..... .. 
13 .. ... ......... .. . : . . .... . . . . . 
14 . . . ... .. . . .. .. ...... . ... . ... . 
15 .... .... .. .......... ........ . 
16 . .. . . . .. ... . ... ... . ... .. . .. . . 
17 . . . .... . ...... .. . . . . . .. . . .. . . 
18 .. .......... ... , .. ...... .... . 
Means . . . . ... ... . . . ... . .... ... . 
Sum of squares (corrected) .. . 
Means (remainder of group) . . 
Sum of squares (corrected) .. . 
Pooled sum of squares . .... . . . 
Variance .... . . . . ... . .... . . . .. . 
Variance, mean difference . . .. . 
Standard deviation, mean 
difference ............ .... .. 
t = .......... .. .............. . 
p = .. .. .. .. ...... .. .... .. .... . 
B 
18.10 
20.60 
19.79 
18.06 
19.11 
18.08 
17.96 
20.60 
19.00 
17.77 
19.05 
·19.07 
19.61 
17.32 
19.14 
19.17 
19.37 
18.57 
18.91 
32.28 
17.50 
394.49 
426.77 
2.74 
1.72 
1.31 
1.08 
.30 
c 
12.6 
11.8 
12.8 
13.4 
12.4 
14.2 
13.4 
14.4 
13.3 
12.9 
13.9 
11.9 
14.4 
12.5 
11.7 
12.0 
13.3 
14.3 
13.0 
26.20 
13.2 
485.20 
511.40 
3.28 
2.06 
1.43 
.140 
.85 
D 
15.8 
13.5 
16.4 
12.4 
11.7 
17.3 
15.l 
19.5 
14.8 
13.8 
14.4 
15.1 
17.2 
15.2 
12.7 
12.8 
11.9 
15.0 
14.7 
84.02 
14.9 
658.28 
742.30 
4.76 
3.98 
1.99 
.101 
.90 
E 
32.0 
28.2 
36.7 
27.4 
27.8 
28.2 
31.0 
41.8 
29.9 
31.0 
31.0 
37.8 
38.3 
35.6 
42.9 
28.4 
30A 
35.l 
32.9 
449.30 
34.2 
3,063.77 
3,512.07 
22.48 
14.09 
3.75 
.035 
.96 
F 
-187 
200 
173 
211 
202 
201 
189 
193 
211 
188 
194 
213 
195 
180 
198 
221 
252 
165 
204.2 
6,442.50 
199.2 
83,302.62 
89,725.12 
575.16 
360.57 
18.98 
.282 
.75 
M 
29 
27 
24 
28 
34 
29 
33 
29 
30 
30 
34 
24 
29 
22 
38 
31 
26 
27 
29.1 
33.0 
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2. In the group of 140 drivers at the arsenal there were 18 chauffeurs. 
These were separated from the remainder of the group and their scores 
are shown in table 8. 
From the above data it is evident that there was little statistical 
difference shown between the scores made by the chauffeurs and the 
scores made by the remainder of the group. 
The greatest difference was shown between the means of the experi-
mental driving test scores. When t equals 1.08, p equals .30 for infinite 
values of n. Three times out of ten t would be expected to exceed 1.08 in 
a random sample. But this is not sufficient evidence to assert that the 
chauffeurs made better scores than the remainder of the group. This is 
to be expected, as the entire group of 140 was carefully selected and any-
one who showed an accident record was transferred to work in which 
driving was not required. 
When the means of braking time, foot reaction time, simple reaction 
t ime and speed-of-foot movement were compared, p was .75 or greater in 
each case. Such a statistical control is little better than chance and of no 
p redictive value. 
However, scores made by the chauffeurs were consistently better 
than those made by the remainder of the group. This shows some indica-
tion of the superiority of the former group. 
3. Table 8 shows the zero order correlation coefficients for the entire 
Iowa State College unit. Driving ability gave significant correlations with 
only three tests, namely, choice reaction time, foot reaction time, and 
speed-of-foot movement. This relationship was changed somewhat after 
the solution of the normal equations to obtain the betas. 
TABLE 8. Correlation coefficients- Iow a State College unit 
B c D E F G H I I J 
A -.234 -.442• -.212 -.246 - .148 -.113 -.144 -.313• .307• 
B -.712 .840• .812 .141 .277 .637• .ss5• - .482• 
c .617• .632• .312• .341• .soo• .832• -.522• 
D .844• .201 .197 .621• .824• -.466• 
E .156 .204 .577• .796• - .555• 
F .772* .211 .114 -.043 
G .276 .208 -.009 
H ,744• - .552• 
I -.477• 
• Significant values of r . 
highly significant. 
r should equal .304 to be significant and .393 to be 
A. Experimental driving course. 
B. Simple reaction time. 
C. Choice reaction time. 
D. Reaction time following pursuitmeter. 
E. Reaction time with sound distraction. 
BetaAB = .200 
BetaAc = .983 
BetaAo = .197 
BetaAE = .052 
F. Accommodation to light. 
G. Accommodation to darkness. 
H. Foot braking time. 
I. Foot reaction time. 
J . Speed-of-foot movement. 
BetaAH = .668 
BetaA1 = .085 
BetaAJ = .227 
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These values gave a multiple correlation of .603 which is significant. 
(6) It is not highly valuable for individual comparisons but is adequate 
for group comparisons. From the above figures it may be noted that the 
reaction time following the pursuitmeter test, reaction time with sound 
distraction, and foot reaction time do not contribute any strength to the 
regression equation. By recalculating the normal equations and using 
the remaining variables a multiple correlation coefficient of .601 was ob-
tained. This small reduction in R indicates that no significant value was 
lost by eliminating the three variables mentioned. After examining the 
zero-order correlation coefficients and betas, it seems that the one test of 
the entire group that best predicts driving ability is choice reaction time. 
4. The mean of the simple reaction time after the pursuitmeter test 
was .2363 seconds while the mean for the simple reaction time was .2335 
seconds. The small difference of .0028 is very insignificant, the t-value 
being only .012. This would indicate that the pursuitmeter test had very 
little or no influence on the second series of simple reaction time mea-
surements. In selecting the pursuitmeter test it was assumed that the 
test might induce a state of fatigue, since a high degree of concentration 
and motor control is necessary to perform the test. The final results did 
not justify the assumption. 
5. The mean of the reaction time with the high frequency sound was 
.2453. The difference between this and the simple reaction time was 
.0118. The standard deviation of the difference was .0052 which gives a 
t-value of 2.233. This value is significant but not highly significant. 
Points of significance are from 2.021 to 2.704. (6) This indicates that on 
the average the subject's simple reactions were slower when accompanied 
by the high frequency sound. 
6. Premature reactions. Record was made of the premature reactions 
for the simple reaction time, the reaction time following the pursuitmeter, 
and the reaction time with the high frequency sound present. The aver-
age number of premature reactions per 100 reactions was as follows: 
Simple reaction time.................................................. 2.6 
Reaction time after pursuitmeter...................... ... ..... 2. 7 
Reaction time with high frequency sound............ 4.2 
There is no significant difference between the number of premature 
reactions made during the simple reaction time and the number made 
during the reaction time after the pursuitmeter. The t-value was .004. 
The difference between the premature reactions made during the 
simple reaction time and during the reaction time with the sound present 
is significant, the t-value being 5.26. 
The number of errors, response made with the wrong hand or with 
both hands, made during the choice reaction time test was also recorded. 
The mean per 100 reactions was 1.6. 
A further analysis of the premature reactions and the errors made 
on the choice reaction time was used in comparing the "good" and the 
"poor" drivers. The following table gives the comparison. 
In simple reaction time the "poor" drivers made 3.6 times as many 
premature reactions as the "good" drivers. In reaction time following the 
pursuitmeter test the ratio was 1.0 to 1.5, and in reaction time with a 
high frequency sound it was 1.0 to 1.9. The "poor" drivers also made 1.5 
times as many errors on the choice reaction time test. 
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TABLE 9. Comparison of drivers 
Premature reactions per 100 during 
Simple reaction time . . . . .. .. ................... . 
Reaction time after pursuitmeter ..... . . . ....... . 
Reaction time with high frequency sound . . . .. . . . 
Errors per 100 during choice reactions .. . .... . .. . 
" Good" Drivers 
1.2 S . D. 1.7 
2.2 S.D. 2.1 
3.0 S.D. 1.4 
1.3 S.D. 0.8 
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"Poor" Drivers 
4.3 S. D. 1.6 
3.3 S.D. 1.8 
5.6 S.D. 1.6 
2.0 S.D. 0.9 
7. The tests of visual accommodation, while they gave no significant 
correlations with any other test, yielded results on speed of accommoda-
tion to direct light and to darkness. The average time taken to accommo-
date to direct light was 1.46 seconds. The average time for accommodating 
to darkness was . 734 seconds, or about half as long as the accommodation 
time to light. The variability for accommodation to light is three times 
as great as the variability for accommodation to darkness. 
It is significant to note that the time taken to accommodate to dark-
ness, which is what often happens after passing a car at night on the 
highway, is .734 seconds, during which time a car travelling 60 miles per 
hour would travel 64.6 feet. If the driver is forced to drive at the same 
speed with the bright light from an approaching car in his eyes, he would 
travel at least 129 feet before his eyes could accommodate to the light. 
SUMMARY 
1. The combination of tests given the United States Engineers which 
gave the best prediction was foot reaction time, speed-of-foot movement, 
and age. However, the foot reaction time did not have a highly signifi-
cant value. 
2. A group of chauffeurs was isolated from the group tested for the 
United States Engineers and the differences analyzed. The only test in 
which the chauffeurs differed significantly from the remainder of the 
group was in the experimental driving course test. In outdoor driving 
they made, on the average, 8.2 per cent better scores. 
3. In the Iowa State College group the four tests, simple reaction 
time, choice reaction time, braking time, and speed-of-foot-movement 
gave the highest correlation with the ratings on the experimental driving 
course. 
4. The highest correlation of driving ability with any other test was 
with choice reaction time. The multiple R , using the four tests mentioned 
above was .601. The correlation of driving ability with choice reaction 
time was - .442. 
5. Of greater significance than the actual time on the reaction time 
tests was the number of premature reactions made during the reaction 
time tests. It was found that the drivers whose scores were below the 
mean on the experimental driving course test made, on the average, 2.0 
times as many premature reactions as those whose scores were above 
the mean. 
6. The tests of visual accommodation time gave no significant corre-
lation with any other test. This may have been because nothing compar-
able was included in the driving test. As the driving test was given en-
tirely in the daytime, there was no chance for the experimenter to deter-
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mine whether the subjects were susceptible to the conditions which 
would appear during night driving. Visual accommodation to light is 2.0 
times as long as accommodation to darkness. Accommodation to light is 
almost 3.0 times more variable. 
7. The pursuitmeter test as used for this study has but little effect 
upon the speed of simple reaction time. (r = .442). 
8. Ocular dominance gave no significant results with the group 
tested. In the group there were only six persons with one dominant eye. 
This was too small a sample for any reliable evaluation. 
9. An observation of importance does not show in the statistical re-
sults. This was the definite inability of all the 38 Iowa State College sub-
jects to localize the sound of the Delco-Remy horns placed around the 
corner behind the high bluff in the driving course. Some drivers thought 
the warning was the horn on the assistant's car which was behind at the 
time. Others thought the sound might be the horn of some other car 
approaching from behind, although no car was behind except the assist-
ant's car. Some were unable to localize the sound anywhere. In spite of 
this inability, all except 3 of the drivers arrived at the corner going 40 
miles per hour. As the intersecting streets were narrow, a head-on col-
lision would have occurred if another car had come around the corner. 
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APPENDIX I 
RECORDS OF U. S. ENGINEERS 
A B c D E F M 
1 .. . . .. . .. . .. .. ... . .. . ... . . . ... 16.26 16.1 18.0 33.7 204 46 
2 ..... . . .. . .. .. ... . . ···· • · · · ··· 15.50 12.3 14.5 29.3 218 26 
3 ... . . .. . . . .... ... .. .. . ....... . 19.14 11.6 14.8 33.5 248 26 
4 . .. . . .. .. .. .. . .............. .. 17.63 13.2 14.2 37.6 205 32 
5 .. .... .. ...... . ... .. . .. . .... .. 17.39 11.7 13.5 25.1 172 28 
6 .. . ........... . .. . . .. . ...... . . 18.85 17.0 17.9 36.8 191 32 
7 . .. . . . .. .. ... . ... .. . .. . .... . . . 17.69 13.7 14.4 37.0 164 28 
8 .. . ..... ... . .. . . . . . .... .. . . ... 15.30 11.9 14.8 34.1 198 21 
9 .. . .. .......... .. . . . ... . . .. ... 20.60 11.8 13.5 28.2 200 27 
10 ... .. . .. . ... .. .. . .. . .... . .. . .. 18.10 12.6 15.8 32.6 187 29 
11 . . . . .... ... . . . ... . ....... . .... 18.27 12.3 14.7 32.2 174 31 
12 .. . .. . ............ . .... . . .. ... 17.12 10.8 13.5 37.7 193 37 
13 . . ... . .. .. . ........... . ... . . . . 18.03 11.7 13.7 41.5 193 25 
14 •. . . .. . .. .... ... ..... . .... .. .• 17.88 22.2 22.6 42.0 130 42 
15 . . ..... . ............ . . . . ..... . 15.00 11.7 13.0 30.5 188 25 
16 . ........... .. .. .............. 19.40 15.2 18.6 45.0 197 30 
17 . . ... . .. . .. .. .. .. . . . . . •'• .... .. 16.66 15.9 14.0 31.3 203 22 
18 . . .... .... . .. . . . ........ . ..... 19.82 12.1 15.4 35.6 209 28 
19 ......... . .. . .. . . .. . . .. . . . . . .. 15.89 12.6 13.3 30.3 165 26 
20 .... . .... .. .. . . ....... . ... . ... 18.26 11.8 12.5 25.5 209 26 
21 . .. .. . ......... ... ...... . . ... . 18.53 13.0 15.5 29.5 216 26 
22 .... . ...... . .... .. .... . . . .... . 19.79 12.8 16.4 36.7 173 24 
23 .. . .. . .. . .. . ............... . .. 16.92 12.2 15.3 31.5 216 31 
24 .. . ........ .. . .. . .... . ... . .... 9.82 13.6 15.5 30.9 168 52 
25 ... . ............. . . . .. . . . ... . . 17.73 11.3 14.5 34.0 249 30 
26 .. . ..... . . . ... . . . .......... .. . 18.48 12.1 13.3 34.6 180 31 
27 .... . .... . . . ... . . . .... . . . .. ..• 19.00 11.4 13.3 32.1 194 39 
28 ... ..... . ... . . . ...... .... .. ... 14.03 14.0 15.4 37.0 194 24 
29 ... . . . .... . ......... . ...... . .. 10.29 14.0 14.5 34.1 157 43 
30 . ... .. . ....... . .. . .... . . .. . ... 15.98 12.8 14.4 31.0 182 49 
31 . . .... . ........ . .............. 10.61 13.4 14.0 31.9 225 29 
32 . . ........ . . . . . . . . . .. . .. . ..... 17.32 11.8 9.7 33.5 210 29 
33 ......... . . . ......... . . .. . . . . . 15.51 12.8 13.5 37.4 237 43 
34 ..... ..... ..• ......... . .. . .... 18.83 12.3 12.9 26.6 202 30 
35 ..• . • .. ..• . • . • . . . •. . • .... . .... 18.06 13.4 12.4 27.4 211 28 
36 . ... . . ....................... . 21.18 11.3 12.4 32.0 209 26 
37 ... . .. . ... . ... . . . .... . .. . ..... 17.63 12.l 12.7 35.0 196 32 
38 . . . . ............. . .. . . . .. .. .. . 16.75 13.4 15.2 40.0 153 34 
39 . .. .. . ... . .. . ... . . . ... .. . .... . 19.17 11.9 14.5 33.1 224 25 
40 ............. . . . ..... . . .. .... . 17.50 11.4 14.4 31.8 109 29 
41 . . .......... . . . . . .. . . . . . ... . . . 16.82 12.4 14.2 33.7 171 30 
42 . ... ....... . ........ . ..... . . . . 19.82 16.6 16.7 32.4 201 29 
43 ...... . ... .. .... . . ........ . ... 17.92 12.8 17.0 33.8 211 35 
44 . . . .. . .....•. . . .••. . • . •• . ..• .• 20.20 11.7 11.7 42.3 210 48 
45 . .. .. .. .. . . . ...... .. ..... . . . .. 18.40 13.0 13.4 32.0 192 32 
46 .... . . . . . . .. . . . ............. . . 17.60 13.5 20.4 45.0 223 40 
47 ...... . .... . .. . . ...... . .... . .. 14.69 15.7 23.0 43.5 150 46 
48 . . ...... . . • .... . ..•.......... . 17.86 11.3 14.9 25.8 222 27 
49 .. .... . .• • • • • .•... . .. . .•...... 19.01 10.8 14.3 40.4 211 47 
50 ..... . .....•.................. 17.07 13.9 15.5 37.0 218 30 
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APPENDIX I (continued) 
A B c D E F M 
51 .......... . .. . ... . ..... . .. .. .. 18.15 10.8 14.0 36.3 210 26 
52 . . ...... . .... . ......... . . . . . .. 19.58 15.8 13.5 33.7 174 29 
53 .. .. ..... .. .. .. .......... . . . .. 19.11 12.5 11.7 27.8 202 34 
54 . ... . ........ . .... . . . .... . .... 18.65 11.3 15.3 32.9 222 30 
55 . . ............ . . .. . .. ......... 18.03 13.6 18.5 33.8 180 32 
56 ..... . .... ... ................. 18.55 12.0 14.5 33.2 165 33 
57 . .. .. .. .. . . . . ........... . . . .. . 18.08 14.2 17.3 28.2 152 29 
58 . ......... .. ........... . . . .... 19.83 14.6 14.2 32.3 206 28 
59 ... ... ... .. ..... . ...... .. . .... 18.33 14.6 14.4 27.6 215 27 
60 • . . •..... . .. . .......... . . . • • •• 18.27 13.1 13.9 33.6 153 45 
61 .................. ...... . . . . .. 16.80 13.7 14.0 36.6 185 61 
62 .. . . ... .... . ............. . . . . . 16.52 12.7 15.5 27.0 234 35 
63 . ......... . ...... .... .. . .. . ... 18.67 11.7 12.8 29.0 212 29 
64 . . .. .. . . . . ....... . ...... . .. . . . 15.33 12.3 16.5 33.6 190 46 
65 . ...... . ....... . . ..... . .. ..... 18.70 13.8 15.1 36.4 157 23 
66 . .... ..... .................... 19.84 14.(} 15.1 31.3 226 32 
67 ............ . . . ......... .. . .. • 16.96 11.1 14.8 32.5 203 35 
68 ... . .. .•. . • •. . .. •. .•. . ...... . . 18.21 12.1 14.7 33.8 200 30 
69 . . ..... . .... . ......... . .. . .. . . 18.91 13.5 16.0 30.4 206 39 
70 ........ ... . . ..... ........ .. . . 17.76 11.9 14.8 33.9 201 29 
71 .... ..... . ........ . ... .. ... . . . 18.15 14.3 14.3 33.3 168 31 
72 . . ....... . . .. .. . .. . .. ... . . .... 15.34 13.8 13.6 37.0 189 34 
73 ........ . .... . . .. .... ... .... .. 17.30 14.8 20.5 38.0 180 34 
74 . ....... . . ... . ..... . ..... . .... 18.27 13.9 13.5 27.3 244 31 
75 ....... . ..... . . ..... . . . . . . . .. . 15.00 15.0 19.0 35.4 184 48 
76 .... . . .. .... . .. . .. . ..... .. .. . . 16.72 12.0 14.0 34.8 191 31 
77 .. . . .... .. . ... ... .... . . ... . . .. 18.69 13.5 14.0 35.0 209 28 
78 . . ... . .... . ....... • .... . . .. .. . 17.96 13.4 15.1 31.0 189 33 
79 .... . ............ . ..... . ... . .. 17.07 10.4 13.4 36.2 202 40 
80 . . . . ..... . .. .. ... .... . .. . ... . . 20.60 14.4 19.5 41.8 193 29 
81 . . .. . .. . ... . . . .. .. . ..... . ..... 17.41 13.8 13.7 32.6 207 27 
82 . ...... . ........... .. .... . .... 10.30 12.9 14.7 33.7 144 47 
83 .. ..... .. . .. . .... . ... .. .. ..... 17.59 13.6 14.8 30.1 221 31 
84 . . .. . . .......... . .... . ... . .. . . 18.85 13.1 16.0 35.5 192 40 
85 ....................... ..... . . 18.33 11.5 12.5 36.5 204 53 
86 .. . .................... .. . ... . 18.12 13.5 12.5 26.5 203 28 
87 . ... ... . . . .. . . . ............. .. 15.95 lU 19.3 40.9 169 27 
88 .. . . . .. . ...... . ..... .. ..... .. . 18.40 12.6 15.5 47.3 175 53 
89 .... . . .. . .. . . ..... . . .......... 19.00 13.3 14.8 29.9 211 30 
90 . . .. . . .. . . .. . .....•...... . . . . . 18.33 15.7 19.3 31.4 178 31 
91 . ......... . . . . . ......... . ..... 17.93 12.1 14.4 33.3 151 24 
92 . . . . .. . .. . .......... . .. .. .. ... 17.08 12.3 16.6 30.1 201 24 
93 .. . ... ..... . . . . . ....... . . .. . .. 17.77 12.9 13.8 31.0 169 30 
94 .. . . . .. . .. .. .. ............ ... . 15.60 14.4 15.8 28.4 220 26 
95 .. . .. .. .. . ....... . . . ........ . . 19.55 12.7 13.7 30.9 168 42 
96 .. .... . .. .. ............ . ... .. . 15.65 12.3 15.1 30.4 236 31 
97 ........... . .. ... . .... . .. ..... 18.41 14.1 18.4 42.8 172 29 
98 .. . . . .. ... . . .. ...... . ..... . ... 19.31 13.2 16.0 35.3 163 30 
99 ..... . .. . . . . ... ............... 16.00 14.7 14.l 34.7 182 24 
100 . . . .. .. . . . .... . ......... . ..... 18.27 10.9 12.6 33.4 217 29 
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APPENDIX I (continued) 
A 
101 . . ...... . .. .. . . . . ..... . ...... . 
102 ... . . ... .... . . .. . ........ . .. . . 
103 . . .. .. . . ... .. . ... .. .......... . 
104 .. ..... .. .. . .. ... .. . . .. . ..... . 
105 . . . . .. . . . . .. . ... .. .. .. . . . . .. . . 
106 .. ............ .. . ... . . .. . . . . . . 
107 .. . . .. ... .. ... . . ............. . 
108 .. . .......... . ... . . .. . .. . ... . . 
109 ... .. . . ... ... . . . . . .. . ... . . . .. . 
110 .... . ....... . .. . .. . .. . .. .. .. . . 
111 . . . . . .. ...... .. . .. ........ . . . . 
112 .. . .. ... .. .. . ... . . . ....... . . . . 
113 . ... . ..... .. .. . .. . .... .... . . . . 
114 .. ....... . ........... . . .. ... . . 
115 . : . .... . . . . . . ... . . ..... . ..... . 
116 ... ................... .. ..... . 
117 .. .. . . . .. ...... . .. . . .. . ..... . . 
118 . .... . ........ . .. . .. . .. . . . ... . 
119 . .. .. .. ....... . ..... . .... . . . . . 
120 ... ... ... ... ..... .. . . .. . .. ... . 
121 . . .... . ................. . . . .. . 
122 ..... . . . . . ... .. .. . .. . ........ . 
123 . . . . .. . .. . .. . .. .. . . .. .. . . . . . . . 
124 . ............. . ... . ..... . . . .. . 
125 ................ . ....... . . ... . 
126 .. ... .. . . .. . ... .. . .. . .. . .. ... . 
127 ............ . .......... . . . .. . . 
128 ...... . ... . . . ....... . ...... . .. . 
129 ... . . . .... . . .. ... . .. . .. . . .. .. . 
130 . . .. . ... . .. . . . ... ~ .. ...... . .. . 
131 .. .... ... . . . . . ..... .. .. .... .. . 
132 .. . .. . ...... . ...... . ......... . 
133 . ... ...... . . . ...... . .. .. ..... . 
134 .... . .. .. .. . ... . .. . ...... . .. . . 
135 .... .. . . . ..... . ... .... . . .. ... . 
136 . . ...... . . . .. . . . ...... . . . . . . . . 
137 .... . .. ... ..... .... . . . ....... . 
138 . .. . . .. ... ....... . .. . . ... .... . 
139 .. . .. . ...... . ............ . . . . . 
140 ....... .. ... . ... . .... . . . ... .. . 
Mean ... . ..... .. .. . . . . . ........ . 
Standard deviation (number 140) 
Means corrected for Ewald 
chronoscope (see Fig. 4) .. . .. . 
B 
18.28 
19.20 
16.90 
16.04 
18.70 
17.90 
15.21 
19.05 
19.07 
20.00 
18.30 
17.59 
17.59 
19.61 
19.00 
14.40 
18.12 
19.44 
17.17 
17.41 
17.32 
18.39 
18.71 
18.10 
17.04 
18.39 
18.03 
19.25 
19.13 
19.14 
17.07 
19.63 
16.07 
14.10 
18.75 
19.17 
19.64 
18.84 
19.37 
18.57 
17.50 
1.65 
c 
10.2 
16.4 
9.9 
11.1 
12.0 
13.0 
13.8 
13.9 
11.9 
14.7 
12.4 
17.0 
11.1 
14.4 
13.8 
15.3 
12.1 
14.1 
16.9 
13.6 
12.5 
8.9 
14.4 
12.5 
13.5 
14.8 
13.5 
14.9 
11.6 
11.7 
17.8 
12.4 
12.0 
21.5 
13.6 
12.0 
11.8 
13.6 
13.3 
14.3 
13.1 
1.86 
D E 
13.0 27.1 
14.4 35.7 
14.2 27.1 
12.8 36.5 
16.2 33.2 
13.7 30.5 
15.9 34.7 
14.4 31.0 
15.1 37.8 
13.4 38.8 
12.5 32.6 
18.3 49.5 
13.8 35.0 
17.2 38.3 
13.6 38.2 
13.7 34.3 
15.6 36.4 
14.7 31.5 
21.9 43.0 
16.2 33.9 
15.2 35.6 
12.2 31.1 
16.1 32.6 
13.1 27.8 
14.6 36.0 
15.5 34.5 
16.0 36.0 
12.8 28.5 
12.6 27.1 
12.7 42.9 
13.2 29.5 
15.2 29.3 
17.1 39.8 
15.9 40.9 
17.8 39.4 
12.8 28.4 
15.8 40.4 
14.8 36.6 
11.9 30.4 
15.0 35.1 
14.9 34.2 
1.99 4.67 
F M 
218 29 
218 27 
191 23 
223 25 
211 26 
192 32 
194 48 
194 34 
157 24 
213 27 
203 23 
187 40 
193 31 
195 29 
164 37 
171 47 
264 35 
223 60 
174 50 
192 39 
180 22 
219 35 
214 42 
192 28 
166 42 
207 31 
203 30 
197 32 
189 37 
198 38 
182 37 
182 29 
134 52 
197 57 
150 35 
221 31 
238 26 
242 28 
252 26 
165 27 
199.2 33.0 
24.83 
.241 sec. .27 4 sec. .629 sec. 
The time for the outdoor driving is given in minutes, the braking time, foot-react-
ing time and simple reacting time in hundredths of a second; the foot movement in 
number of taps in 2 minutes. 
A= Subject. 
B = Experimental driving course scores. 
C = Simple reaction time. 
D = Foot reaction time. 
E = Foot braking time. 
F = Speed-of-foot movement. 
M=Age. 
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APPENDIX II 
TFST SCORES OF IOWA STATE COLLEGE UNIT 
A B c D E F G H I J K L M 
1 .. ....... 18.0 .218 .248 .477 200 .407 .219 .223 76.2 46.1 RL• 20 
2 ..... .. .. 12.4 .274 .267 .845 205 .483 .264 .297 64.7 41.9 RL 28 
3 .... .. ... 14.1 .268 .259 .890 178 .476 .290 .289 62.1 38.7 RL 25 
4 ......... 16.9 .226 .256 .492 204 .418 .229 .249 81.2 40.2 RL 23 
5 ....... .. 16.5 .211 .262 .573 219 .421 .223 .222 80.0 40.0 RL 20 
6 . .. ...... 13.3 .242 .232 .470 189 .450 .230 .284 153.2 38.3 R 22 
7 ......... 13.0 .243 .256 .497 145 .440 .243 .214 78.6 40.6 RL 18 
8 .. ....... 13.8 .264 .300 .888 177 .453 .235 .238 102.0 45.0 R 22 
9 . .. ...... 13.2 .174 .262 .482 204 .376 .182 .213 62.8 34.7 RL 19 
10 . . ....... 15.4 .169 .228 .512 204 .401 .175 .192 65.2 34.4 RL 21 
11 .. .. . .. .. 16.5 .210 .245 .918 188 .440 .238 .247 72.9 37.6 RL 27 
12 .... .. ... 12.5 .242 .238 .694 209 .410 .253 .243 73.6 39.1 RL 25 
13 .. ... .... 13.0 .214 .265 .698 203 .456 .225 .248 106.3 54.4 RL 21 
14 ......... 17.2 .248 .264 .590 236 .430 .236 .261 75.0 37.7 RL 27 
15 .. ...... . 14.0 .240 .284 .762 171 .426 .251 .263 74.1 45.7 RL 18 
16 ... . .. . .. 17.1 .206 .231 .581 212 .410 .217 .216 71.0 38.1 RL 23 
17 .. .. .. . .. 16.3 .230 .288 .487 207 .440 .259 .235 83.5 39.3 RL 22 
18 .. ..... .. 15.0 .240 .261 .689 188 .440 .240 .256 89.1 44.1 RL 19 
19 ...... ... 16.5 .288 .247 .639 218 .422 .256 .256 57.8 40.2 RL 17 
20 ......... 17.7 .190 .231 .481 207 .392 .201 .201 77.1 32.1 RL .. 
21 ...... . .. 18.4 .217 .224 .502 182 .401 .222 .218 98.2 34.5 R 20 
22 .... .. ... 14.8 .229 .264 .859 195 .405 .229 .240 77.0 37.0 L .. 
23 .... .. . .. 15.0 .256 .260 .764 162 . 442 .249 .259 85.3 33.l R 15 
24 .... .. ... 13.7 .207 .254 1.148 145 .425 .278 .326 100.0 29.6 L 52 
25 . .. . .. ... 17.1 .201 .237 .491 209 .402 .217 .221 61.2 31.6 RL 18 
26 ......... 16.7 .218 .241 .592 202 .416 .221 .220 71.4 36.2 RL 21 
27 ......... 16.8 .204 .250 .670 197 .421 .230 .241 80.2 38.1 RL .. 
28 ... .. .... 17.0 .211 .239 .601 206 .418 .215 . 240 77.2 36.2 RL 23 
29 ......... 16.5 .235 .242 .591 202 .427 .240 .233 71.1 35.l RL . . 
30 . .. .. .. .. 14.3 .238 .258 .672 189 .431 .242 . 248 75.2 36.3 RL 21 
31 ......... 16.0 .231 .240 .491 197 .417 .230 .245 72.1 40.2 RL 20 
32 .. .... ... 14.7 .231 .240 .667 153 .471 .215 .242 75.5 40.0 RL .. 
33 . .. ... ... 12.5 .247 .238 .694 209 .410 .253 .243 73.6 39.1 RL 25 
34 ......... 15.4 .256 .286 .660 194 .429 .262 .281 73.3 59.9 RL 18 
35 .. ....... 17.1 .214 .229 .482 212 .412 .220 .218 64.1 34.8 RL 20 
36 .. .. . .. .. 14.7 .250 .258 .720 192 .452 .261 .260 82.1 40.2 RL 20 
37 ........ . 15.4 .246 .271 .721 184 .451 .256 .261 91.2 42.1 RL 22 
38 .... .. ... 12.1 .261 .263 .716 192 .451 .260 .264 82.2 45.6 RL .. 
Means 15.3 .2535 .2535 .6489 193.9 .4291 .2363 .2453 79.4• 39.9• 
Standard 
deviation 1.77 .0159 .0174 .0712 19.0 .0239 .0234 .0284 16.4 6.3 
Correction for Ewald chronoscope 1.461 .734 sec. 
• RL-Neither eye is dominant. 
A= Subject. H = Reaction time after pursuitmeter test. 
B = Experimental driving course scores. I = Simple reaction time with high fre-
C = Simple reaction time. quency sound present. 
D = Foot reaction time. J = Accommodation to light. 
E = Foot braking time. K = Accommodation to darkness. 
F = Speed-of-foot movement. L = Ocular dominance. 
G = Choice reaction time. M=Age. 
1. CUFF, N. B . D. 
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APPENDIX III 
IOWA STATE COLLEGE RATING SCALE FOR AUTOMOBILE DRIVERS 
J . E. EvANS and LEVERNE JOHNSON 
Ames, Iowa 
Name ...... .. .... ....................... ................. Date ............. ....... 193 ........ Score .... ....... . 
Make of Car .... ................ Model: Sedan, coach, touring, coupe, truck. 193 .. .. 
Time of starting: ............. ., Time of finishing: .............. ; Total time: ............. . 
A. STARTING: 
1. Fails to look around before starting . . . . . . . . . . . . . . . 0 5 
2. Stays too long in low or second . . . . . . . . . . . . . . . . . . . 0 5 
3. Unnecessarily fast getaway . . . . . . . . . . . . . . . . . . . . . . . 0 5 
4. Kills engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
5. Races engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
6. Fails to start smoothly . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
7. Attempts to start with brake set ......... .... ..... 0 5 
8. Starts under too much power; rear wheels slip . . . . . 0 5 
B. STOPPING: 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
20 
20 
20 
20 
20 
20 
20 
20 
25 
25 
25 
25 
25 
25 
25 
25 
1. Fails to signal or to give proper signal for stop . . . . . 0 5 10 15 20 25 
2. Slows down too suddenly .. . .. .. . .. .. . . . .. . .. . .. .. 0 5 10 15 20 25 
3. Fails to set emergency brake when necessary . . . . . . 0 5 10 15 20 25 
4. Jerky stop .. ... ............ .... ......... .. ... .. .. 0 5 10 15 20 25 
5. Stops where he endangers traffic . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
C. TURNING: 
1. Fails to get into proper lane for turn . . . . . . . . . . . . . . 0 5 10 15 20 25 
2. Fails to signal or gives improper signal for turn . . . . . 0 5 10 15 20 25 
3. Fails to look in mirror or out window . . . . . . . . . . . . . . 0 5 10 15 20 25 
4. Swings wide on the corner .. .. .. . . .. . .. . .. .. .. .. .. 0 5 10 15 20 25 
5. Cuts too closely on the corner . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
6. Turns with too much speed . .. .. .. .. .. .. .. .. .. .. .. 0 5 10 15 20 25 
D. BACKING: 
1. Fails to look behind before backing . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
2. Steering uncertain; lack of skill . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
3. Lacks confidence .. . .. .. . .. .. .. .. . .. .. .. . .. . . .. .. . 0 5 10 15 20 25 
E. PARKING: 
1. Bumps other cars or obstacles . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
2. Climbs curb or scours tires . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
3. Parks too far from curb . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
4. Clumsy; no skill . . .. .. . .. .. .. .. .. .. .. . .. . .. . .. .. .. 0 5 10 15 20 25 
5. Slow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
F. PASSING: 
1. Does not await clear distance ahead . . . . . . . . . . . . . . . 0 5 10 15 20 25 
2. Too close before turning out . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
3. Fails to use horn properly .. .. .. . .. . .. . . .. .. .. .. .. . 0 5 10 15 20 25 
4. Cuts in too quickly after passing .. .. . . . .. .. .. .. .. . 0 5 10 15 20 25 
5. Too slow in passing .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. 0 5 10 15 20 25 
6. Poor judge of speed of car passed . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
7. Poor judge of speed of approaching car .. .. . . . . . . . . 0 5 10 15 20 25 
8. Poor judge of speed of his own car .. .. . .. .. . .. .. .. . 0 5 10 15 20 25 
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G. SIGNS: 
1. Fails to notice signs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
2. Fails to stop for stop sign . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
3. Fails to observe warning signs . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
4. Observation of signs poor . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 10 15 20 25 
H. HILLS: 
1. Cannot stop and start without backing ....... . ... .. 0 5 
2. Poor shifting of gears . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
3. Foot-work poor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
I. SPEED: 
1. Speed greater than ability warrants . . ..... . . . . . .. . 0 5 
2. Speed greater than traffic warrants . . . . . . . . . . . . . . . . 0 5 
3. Speed greater than highway warrants . . . . . . . . . . . . . 0 5 
4. Speed too slow for conditions . . . . . . . . . . . . . . . . . . . . . . 0 5 
5. Poor judge of distance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
6. "Brakes" excessively . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
7. Speed erratic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
8. Takes unnecessary chances . . . . . . . . . . . . . . . . . . . . . . . 0 5 
J. ATTITUDE TOW ARDS OTHERS: 
1. Depends too much on others for safety . . . . . . . . . . . . 0 5 
2. Inconsiderate toward pedestrians . . . . . . . . . . . . . . . . . . 0 5 
K. MISCELLANEOUS: 
1. Uses horn properly ....... . ................... . ... 0 5 
2. Fails to keep in right lane on straightaway . . . . . . . . 0 5 
3. Drives defensively ........ . ....................... 0 5 
4. Follows too closely . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
5. Stays in proper lane at comers, on curves, and at top 
of hills .. .. . . .. .. . . . .... . .. . . . . ... . ... ... . . . .. . .. . 0 5 
6. Runs off shoulder or curb . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
7. Posture poor; grip 01;1 wheel too tight . . ... . ...... . . 0 5 
8. Relaxed but alert .. .. . . ...... . . . . . . . . . . . . .. . ...... 0 5 
9. Indifferent to conditions ahead . . . . . . . . . . . . . . . . . . . . 0 5 
10. Right front wheel not located . . . . . . . . . . . . . . . . . . . . . . 0 5 
11. Easily disturbed emotionally . . . . . . . . . . . . . . . . . . . . . . 0 5 
12. Can be distracted easily; sees too much .. . ......... 0 5 
13. Too tense . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
14. Considers rights of pedestrians . . . . . . . . . . . . . . . . . . . . 0 5 
15. Self-confident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
16. Driver aware of all influences which may relate to 
his driving . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 5 
17. Localizes sounds well . .. . . .. . ...... .. ... . ....... . . 0 5 
18. In night driving uses lights courteously . . . . . . . . . . . . 0 5 
REMARKS: 
SCORING: 
10 15 
10 15 
10 15 
20 25 
20 25 
20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 20 25 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
10 15 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
20 25 
Average score = sum of Y-ed numbers_ .. .. ............ . 
number of \Is 
(The "best" drivers receive the highest scores.) 
Examiner ........... ...... ... .................. .. ... . 
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From a bacteriological standpoint butter differs strikingly from such 
products as milk or cream in which bacteria can migrate readily because 
water is the continuous phase. In butter the water is present as small 
droplets surrounded by fat. Presumably, the bacteria in butter are largely 
contained in these droplets and are held at certain points, many of the 
droplets being sterile since butter normally contains from 10 to 18 billion 
per gram (3) while the bacterial content is always much lower than this. 
Since growth of bacteria in butter occurs primarily in infected droplets, 
the distribution of the bacteria may be very irregular, both as to numbers 
and species. 
In the plate method of studying butter bacteriologically a relatively 
large portion is shaken in a water blank. This procedure has a decided 
disadvantage from the standpoint of showing the distribution of organisms 
in the sample. Because of this objection the Burri smear culture technic 
(1) has been adapted to the examination of butter at the Iowa Agricultural 
Experiment Station in an attempt to obtain information not provided by 
the usual plating procedure. 
METHOD 
The method consists of picking small portions of butter with a plati-
num needle and spreading each portion on the surface of a dry agar slope. 
The butter to be examined is placed in a sterile petri dish and brought 
to approximately 21° C.; at this temperature it has a reasonably firm body 
and small amounts can be picked easily. The butter may come from a 
surface that has been exposed for some time, a freshly cut surface, or a 
freshly broken surface. Under a binocular giving approximately a 6X 
magnification very small amounts are picked with a flamed platinum 
needle. The use of a binocular is advisable since it aids in keeping the 
portions of butter uniform in size and also in actually picki,ng each por-
tion rather than scraping it from a relatively large area; the latter point 
is important in obtaining information on the distribution of organisms. A 
needle of platinum, rather than some other material, is used because of 
the greater resistance to changes during heating. Each portion of butter 
is spread on the surface of a dry agar slope, care being taken to distribute 
it evenly. Ordinarily 25 portions of butter are picked from a sample. 
Larger or smaller numbers may be used if either more or less detail in 
the results is desired. 
The slopes are incubated at 21° C. for 4 to 5 days and then counted. 
Other incubation conditions can be used for special purposes but tempera-
tures appreciably higher than 21° C. prevent the growth of certain organ-
1 Journal Paper No. J-558 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 119. 
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isms important in butter while temperatures appreciably lower often 
result in slow growth. The maximum number of colonies that can be 
counted satisfactorily on a slope is approximately 100, depending some-
what on the size of. the colonies and the tendency for them to grow to-
gether. In some instances it is an advantage to examine the tubes show-
ing extensive growth before the usual incubation period has expired. 
Numbers exceeding 100 per tube often can be estimated with considerable 
accuracy, but under these conditions it is probable that many organisms 
fail to grow. 
The amount of butter picked was estimated in a number of trials by 
determining the collective weight of 15 portions. The results indicated 
that each portion weighed approximately 0.05 mg., or 1/ 20,000 gram. The 
weight of 15 portions remained fairly constant if the consistency of the 
butter was the same and if the needles used to pick the butter were clean. 
With temperatures appreciably higher than 21 ° C. there was a tendency 
to pick larger amounts of butter. By multiplying the average number of 
colonies per slope by 20,000 the results are obtained on a gram basis. 
There are various factors which tend to make counts obtained with this 
method lower than counts obtained with the plate method, as is pointed 
out later. 
Beef infusion agar (pH 6.8) has been employed frequently with the 
method because this medium is so generally satisfactory for the examina-
tion of butter. However, for special purposes other media may be used. 
In studying the distribution of butter culture organisms tomato agar 
would 'Qe bet~er than beef infusion agar. For the detection of proteolytic 
and lipolytic bacteria, plates may be prepared with agar containing milk, 
or emulsified fat, or both (2). A number of portions of butter can be 
smeared on a plate by marking off sections for inoculation. When plates 
are employed air contamination is a greater factor than when tubes are 
used. Regardless of the medium or container, it is essential that the agar 
surface be dry so that the colonies develop independently. 
EXPERIMENTAL 
The Burri smear culture technic has been used to examine many 
samples of commercial and experimental butter, some of which were 
normal and some abnormal. The commercial butter was from various 
points in Iowa and surrounding states. Commonly 25 slopes were pre-
pared from a commercial sample and 10 from an experimental sample; 
plate counts also were usually made, using beef infusion agar (pH 6.8) 
and incubating 4 days at 21° C. 
NORMAL, COMMERCIAL, SALTED BUTTER 
The results on 10 samples are presented in table 1. The data show 
great differences in the numbers of organisms in the samples and striking 
variations in the distribution of bacteria in each sample containing many 
organisms. A variation from 0 to 176 colonies on a slope occurred with 
sample 6 and from 6 to 140 with sample 8; conspicuous irregularities also 
occurred with samples 1, 2, 3, 7, 9 and 10. Some of the slopes inoculated 
from samples 4 and 5 showed no colonies while the maximum number 
was 3. 
The slopes from a sample frequently showed variations in colony 
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TABLE 1. Results with the Burri technic on normal, commercial, salted butter 
Numbers of colonies on slopes incubated 4 days at 21° C. 
Slope 
num- Butter number 
ber 1 2 3 4 5 6 7 8 9 10 
--
I-
---
1 17 22 13 0 1 1 22 88 20 3 
2 39 8 5 0 0 2 36 35 14 0 
3 77 9 10 0 1 0 37 45 12 1 
4 7 12 1 0 0 2 14 9 23 6 
5 51 36 5 0 0 6 6 58 36 0 
6 29 49 11 3 0 28 25 6 20 3 
7 24 21 23 1 0 7 12 28 42 0 
8 27 8 11 1 0 2 55 74 21 2 
9 88 9 10 2 1 1 14 6 21 4 
10 29 6 6 2 0 2 51 70 23 4 
11 25 11 3 0 1 1 15 32 25 2 
12 15 8 2 0 0 3 26 47 13 0 
13 18 13 7 0 1 1 10 48 28 11 
14 97 14 38 1 0 176 40 50 34 6 
15 49 11 5 2 1 4 39 62 7 5 
16 28 15 5 0 0 3 26 48 11 5 
17 50 11 3 0 0 19 19 59 6 1 
18 33 44 3 0 0 2 50 17 9 1 
19 27 7 3 2 2 5 28 17 15 8 
20 42 46 1 1 0 17 33 34 80 1 
21 24 56 7 2 0 3 26 12 23 4 
22 9 9 5 0 3 1 30 23 23 7 
23 62 20 6 0 2 15 4 33 30 6 
24 69 8 4 1 0 1 3a 10 16 2 
25 60 2 1 3 0 3 28 140 13 0 
types. Often there was a predominant type which occurred in practically 
all the tubes while some tubes contained other organisms and some did 
not. The types developing on slopes were the same as those developing 
on plates (prepared by the dilution method) with samples 2, 3, 4, 5, 6 
and 7. With samples 1 and 9 micrococci developed on the slopes but not 
on plates suitable for examination. Sample 8 gave butter culture type 
colonies on the slopes but not on the plates, while with sample 10 micro-
cocci and large spreading white colonies developed on the slopes but not 
on plates. 
With the Burri technic all the colonies are on the surface of the agar 
and thus are more easily differentiated into colony types than with the 
plating technic in which many colonies are subsurface. 
ABNORMAL, COMMERCIAL, SALTED BUTTER 
Data on 6 samples are given in table 2. The numbers of colonies 
were much larger than with the normal butter and frequently the growth 
on a slope was so heavy that the total number of colonies could not be 
estimated. Variations in distribution are again evident and certain samp1es 
gave relatively little growth on some slopes and extremely heavy growth 
on others. With sample 4 one slope contained only 9 colonies while an-
other was overgrown, and with sample 5 one slope contained only 6 
colonies while some were overgrown. 
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TABLE 2. Results with the Burri technic on abnormal, commercial, salted butter 
Numbers of colonies on slopes incubated 4 days at 21 ° C. 
Slope 
num- Butter number 
ber 1 2 3 4 5 6 
1 o.g. 180 330 108 200 384 
2 290 120 240 52 456 620 
3 768 700 700 14 200 o.g. 
4 480 600 210 32 410 1824 
5 1080 180 660 9 378 o.g. 
6 300 370 600 20 128 910 
7 o.g. 250 328 126 112 384 
8 325 220 368 730 378 460 
9 o.g. 370 540 252 64 o.g. 
10 90 240 120 276 140 410 
11 70 540 350 360 6 700 
12 o.g. 200 300 640 o.g. o.g. 
13 50 310 240 632 240 o.g. 
14 o.g. 80 760 380 50 456 
15 468 340 800 94 o.g. 375 
16 420 280 280 130 62 o.g. 
17 400 105 o. g. 574 450 755 
18 575 120 360 o.g. 200 660 
19 100 430 290 720 324 o.g. 
20 o.g. 400 108 624 350 o.g. 
21 1680 460 250 384 o.g. o.g. 
22 o.g. 600 370 960 462 o.g. 
23 98 370 340 252 550 560 
24 84 310 650 108 276 320 
25 61 600 1920 200 192 325 
Note: o.g. = overgrown. 
The colony types developing on slopes and plates from the same but-
ter were identical with 3 samples (2, 4 and 5). The slopes from sample 1 
contained yellow and white micrococci, a few fluorescent organisms and a 
few spore formers in addition to numerous smooth white colonies, while 
the plates contained only the latter type. Slopes from sample 3 contained 
a large number of very small, white colonies consisting of gram-positive 
rods; this species failed to develop on plates suitable for examination. 
The colony types on slopes and plates from sample 6 were the same except 
that a few fluorescent organisms were found on the slopes but not on 
the plates. 
COMMERICAL, UNSALTED BUTTER 
Table 3 presents results on 8 samples. With this type of butter the 
cream is often ripened to a high acidity so that butter culture organisms 
are very numerous in the finished product; because of this a separate 
count was made of the colonies which resembled butter culture types. 
The butter was normal with the exception of sample 6, which was cheesy. 
Butter culture organisms predominated in samples 1, 2, 3, 4 and 5; 
there was considerable variation in the colonies per slope although the 
counts were regularly high. All the colonies on the slopes from sample 1 
suggested butter culture organisms, but a small number of other colony 
TABLE 3. Results with the Burri technic on commercial, unsalted butter 
Numbers of colonies on slopes incubated 4 days at 21° C. 
Butter number 
1 2 3 I 4 I 5 Gt I 7 I 8 
prob- prob- prob- prob- prob- prob- prob- prob-
Slope ably not ably not ably not ably not ably not ably not ably I not ably not num- b.c.• b.c.• b.c.• b.c.• b.c.• b.c.• b.c.• b.c.• b.c.• b.c.• b .c.• b.c.• b.c .• b.c.• b.c.• b .c.• 
bcr types types types types types types types types types types types types types types types types 
1 600 0 1,056 2 o.g. 3 329 0 756 1 0 o.g. 0 154 0 2 
2 800 0 350 2 880 2 1,548 0 480 2 0 19 0 2 0 6 
3 3,600 0 910 0 672 2 858 0 880 0 0 16 0 1 0 2 
4 2,000 0 568 1 180 2 1,700 0 2,240 0 0 660 0 7 0 3 
5 o.g. 0 1,584 2 660 6 1,140 2 612 0 0 26 0 9 0 16 
6 880 0 o.g. 2 420 2 800 1 240 0 0 26 0 13 0 2 
7 1,100 0 960 2 530 1 1,072 2 728 2 0 o.g. 0 14 0 0 
8 1,600 0 704 0 322 1 1,900 5 1,000 3 0 118 0 1 0 0 
9 600 0 350 2 260 1 840 1 250 0 0 138 0 16 0 3 
10 450 0 770 0 378 2 456 6 882 0 0 2 0 188 0 2 
11 o.g. 0 320 1 448 3 2,250 0 1,200 3 0 600 0 3 0 0 
12 1,400 0 576 2 132 3 608 1 225 2 0 6 0 1 0 63 
13 480 0 1,040 0 240 6 846 0 588 7 0 61 0 0 0 2 
14 468 0 336 5 400 1 1,120 0 644 9 0 1 0 7 0 5 
15 600 0 608 2 330 1 1,800 0 2,200 0 0 o.g. 0 8 0 2 
16 o.g. 0 450 1 126 2 1,400 0 280 6 0 6 0 5 0 1 
17 688 0 1,500 0 636 1 650 0 672 2 0 12 0 0 0 1 
18 928 0 500 3 324 1 720 0 476 0 0 7 0 5 0 2 
19 700 0 2,000 2 434 3 750 0 840 0 0 18 0 5 0 4 
20 1,300 0 352 0 532 1 500 0 480 0 0 144 0 0 0 3 
21 2,000 0 210 1 924 2 800 2 372 0 0 8 0 1 0 3 
22 2,500 0 546 2 588 2 672 0 210 0 0 94 0 4 0 2 
23 636 0 460 6 238 1 616 2 2,500 0 0 o.g. 0 5 0 1 
24 760 0 588 0 370 0 200 1 768 2 0 23 0 o.g. 0 1 
25 1,080 0 1,240 1 660 0 936 5 736 1 0 4 0 96 0 0 
-
Note: • b .c. =butter culture. t Butter was cheesy. o.g. = over grown. 
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types developed on the slopes from sample 2, 3, 4 and 5. No butter culture 
type colonies were noted on slopes from samples 6, 7 and 8. The numbers 
of colonies on the slopes from samples 6 and 7 were extremely variable, 
ranging from 0 to numbers impossible to estimate. With sample 8 the 
numbers also were rather irregular. 
FRESHLY CHURNED, EXPERIMENTAL. UNSALTED BUTTER 
The results on 18 samples are presented in table 4; the butter was 
made from pasteurized cream inoculated with pure cultures of bacteria. 
The slopes picked from most of the samples were either sterile or con-
tained relatively few colonies. With the samples containing larger num-
bers of organisms, the colonies per slope varied from 4 to 26, from 9 to 25, 
and from 6 to 35. 
EXPERIMENTAL. UNSALTED BUTTER HELD 4 DAYS AT 21°C. 
The 18 samples of butter examined when fresh were held 4 days at 
21 ° C. and re-examined; table 5 presents the results. The number of 
colonies on many slopes was high, as would be expected since there was 
opportunity for extensive development owing to the favorable tempera-
ture and lack of salt. Particularly striking variations in the distribution 
of organisms were noted with samples 4, 13 and 14 in each of which one 
slope showed no growth while one or more slopes was overgrown; in the 
initial examination of these samples 8 slopes picked from sample 4, and 9 
from each of samples 13 and 14 were sterile. Most of the slopes picked 
from samples 6 and 15 were sterile although in each case 2 slopes con-
tained a relatively large number of colonies; originally only one slope 
picked from sample 6 and none from sample 15 showed growth. 
COMPARISON OF COUNTS BY THE BURRI TECHNIC AND THE PLATE METHOD 
Counts obtained by multiplying the average number of colonies per 
slope by 20,000 did not agree closely with plate counts and often were 
considerably lower. In general the results of the two methods agreed 
better on low count samples than on high count samples. In the Burri 
technic, clumps are not broken up as they may be when shaken in a 
TABLE 4. Results w ith the Burri technic on freshly churned, experimental, unsalted 
butter 
Numbers of colonies on slopes incubated 4 days at 21 ° C. 
Slope Butter number 
number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16* 17* 18* 
1 0 0 0 0 0 0 1 1 0 8 22 32 0 0 0 3 1 1 
2 0 0 0 0 0 0 1 0 0 16 9 10 0 0 0 3 2 0 
3 0 0 0 1 0 0 2 1 0 15 21 11 3 1 0 2 2 3 
4 0 0 0 0 0 1 0 0 1 5 25 18 0 0 0 4 1 1 
5 0 0 0 0 0 0 0 0 0 11 16 26 0 0 0 0 2 0 
6 0 0 0 1 2 0 0 1 0 26 13 35 0 0 0 2 0 0 
7 0 0 0 0 0 0 0 0 0 9 16 13 0 0 0 1 3 1 
8 1 0 0 0 0 0 0 0 0 9 23 6 0 0 0 1 1 0 
9 0 0 0 0 0 0 0 0 0 16 14 16 0 0 0 2 0 1 
10 0 0 0 0 0 0 0 0 0 4 15 21 0 0 0 3 3 0 
Note: • Cream inoculated with a yeast. 
Slope 
number 1 2 
1 0 0 
2 700 0 
3 4 0 
4 7 0 
5 1 0 
6 600 22 
7 63 0 
8 1 0 
9 0 7 
10 0 0 
TABLE 5. Results with the Bu.Tri technic on experimental, unsalted, butter held 4 
days at 21° C. 
Numbers of colonies on slopes incubated 4 days at 21 ° C. 
Butter number 
3 4 5 6 7 8 9 10 11 12 13 14 
7 0 0 0 840 0 11 4,000 420 560 140 448 
0 2,200 0 0 60 2 62 770 o.g. 432 250 o.g. 
6 o.g. 0 0 600 3 192 816 336 528 570 504 
80 336 0 0 21 994 14 600 2,128 384 0 20 
47 2,500 0 65 92 2,200 86 2,240 952 184 352 2 
0 4,500 0 142 204 2 1,218 1,400 288 288 560 22 
0 30 0 0 21 434 40 o.g. 1,440 216 o.g. 480 
36 o.g. 0 3 73 81 686 2,000 714 340 o.g. 156 
0 o.g. 1 0 91 90 19 o.g. 1,200 82 560 0 
20 o.g. 0 0 350 0 0 1,330 o.g. 1,248 o.g. 176 
Note: •Cream Inoculated with a yeast. o.g. = overgrown. 
15 16* 17* 18* 
0 13 60 31 
3 11 16 9 
0 5 12 30 
0 37 22 12 
0 10 11 30 
0 16 21 120 
0 29 27 14 
1 40 o.g. 17 
39 26 56 19 
304 34 45 26 
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water blank. If large numbers of organisms are present in butter the 
slopes are certain to be overcrowded so that some organisms do not grow; 
moreover, detailed counting is difficult. The development of certain 
colony types on slopes that do not develop on plates causes variations in 
the other direction. The picking of 25 portions, rather than 10, commonly 
gave a somewhat closer agreement in the results of the two methods, pre-
sumably because of a more accurate average number per slope. 
DISCUSSION OF RESULTS 
The Burri technic is useful for the examination of butter because it 
gives information on the distribution of bacteria, both as to numbers and 
species. The results show that the distribution of bacteria in both normal 
and abnormal butter is often highly variable. Growth appears to be 
largely limited to certain points, presumably infected moisture droplets. 
The final distribution of organisms may be influenced by such factors as 
irregularities in salt content of various moisture droplets and in the size 
of the droplets, as well as in the original contamination. 
The better differentiation of colonies on slopes is a distinct advantage 
from the standpoint of studying irregularities in distribution of colony 
types and in isolating the various species. The presence of certain colony 
types on slopes but not on plates from a sample suggests that the technic 
may be· especially valuable for studying microbiological defects of butter. 
With the technic, clumps are not broken up as they are in the plate method 
and a number of organisms of a species may be left at one point on a slope; 
under these conditions, growth might take place when it would not if the 
organisms were well distributed in a water blank and then plated. 
In certain instances a species present in a sample in small numbers as 
compared to the total numbers might be diluted out in plates suitable for 
examination and yet appear on Burri slopes. 
The failure of Burri counts to agree with plate counts is not a serious 
disadvantage since the technic readily distinguishes low count and high 
count butter. Ordinarily total counts on butter are not significant from 
a bacteriological standpoint since often a large percentage of the flora is 
made up of butter culture organisms. The species present in a sample of 
butter appear to be more important than total numbers; since the Burri 
technic gives a good differentiation of colony types and may even yield 
growth of species that do not develop on plates it is especially useful. 
SUMMARY 
Butter was examined bacteriologically with an adaptation of the 
Burri smear culture technic which consists of picking small amounts with 
a needle and smearing each on the surface of a dry agar slope; approxi-
mately 1/20,000-gram portions were satisfactory. By means of the method 
the bacteria in various types of butter were often found to be very irregu-
larly distributed, both from the standpoint of numbers and colony types. 
The colonies on the slopes were well differentiated since they all developed 
on the surface of the agar. In some instances colony types were found on 
slopes which were not evident on plates. 
PLATE I 
Variations in the numbers and types of colonies on slopes, each inoculated with 
approximately a 1/20,000 gram portion of a churning of butter. 
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A LOGARITHMIC SECTOR AND A SLIT FOR USE IN 
SPECTROGRAPHIC ANALYSIS 
HAfu.Ey A. WILHELM 
From the Department of Chemistry, Iowa State College 
Accepted for publication April 13, 1938 
The sector described by Twyman and Simeon1 for use in quanti-
tative spectrographic analysis has a single logarithmic spiral cut in a metal 
disc. If such a sector is rotated before the slit of a stigmatic spectrograph 
during an exposure, the lines that are produced in the spectrogram de-
crease in density toward one end. The greater the intensity of a spectrum 
line that is radiated from the light source, the greater the length of the 
line in the spectrogram. Under conditions of controlled excitation, the 
intensity of a spectrum due to a small amount of an element is generally 
p:roportional to the amount of the element in the light source. Therefore, 
measurements on lengths of lines give the data for quantitative determina-
tions by this method. For example, Plate 1, fig. 1 shows the results of 
exposures that have been made from a series of standards for analysis of 
fluorine in samples of bone flour. The calcium fluoride band at wave-
length 5291.A increases in length as the fluorine in the standards in-
creases from 0.01 per cent to 0.20 per cent. In making an analysis, the 
unknown sample is exposed in the same manner as the standards and a 
comparison of line lengths gives the percentage fluorine in the sample. 
The error in a determination by this method is usually less than one-
tenth of the total fluorine in the sample. 
The sector that is described here has two logarithmic spirals, one in 
each of the two halves of the disc as shown in fig. 1. The equation for 
each of these spirals in this double spiral sector is 
-log cf>= 0.2 l 
Where cf> represents the fractional opening at a distance l millimeters 
measured radially inward from the outermost part of the curve. Since cf> 
for each spiral is expressed as a fraction of the half circle, cp/2 =(},where 
8 is the fraction of a complete circle. Substitution of 28 for cf> in the above 
equation for the spirals gives 
- log 8 = 0.301 + 0.2 l 
which is the equation of the single spiral sector. Therefore, the quanti-
. tative relationships that hold for the single spiral sector (1) hold also for 
each spiral of the double sector. The double spiral sector, however, re-
quires a total exposure time that is only half as great as that with the 
single spiral sector in order to give the same effective exposure. Further-
more, the double spiral sector is self counter-balanced. 
A template for cutting spirals in half discs has been made by the 
College Instrument Shop. Two half discs, each having a logarithmic 
spiral, are mounted permanently on a faceplate to give a disc having the 
periphery that is shown in fig. 1. The dimensions correspond to a double 
1 Twyman and Simeon, Trans. Optical Soc. (London), 31:169 (1929-30). 
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sector cut from a disc 5.5 inches in diameter. A double logarithmic 
spiral sector that was made for this laboratory shows a mean deviation of 
less than -+- 0.02 millimeter from the theoretical curve for values of Z be-
tween zero and eleven millimeters. 
One of the conditions necessary 
</> for proper use of a logarithmic sector 
is that the plane of the spiral should be 
nearly coincident with the plane of the 
jaws of the slit. The ordinary non-sym-
metrical slit unit which is often used 
in qualitative spectrographic analysis 
is not applicable to work with the 
0 sector. A guideway for a sliding dia-phragm and the slit adjustment drum-
head stand out before the plane of the 
slit jaws and make it impossible to 
place the sector disc closer to the slit 
than about two millimeters. This type 
of slit can, however, be made to ac-
commodate a logarithmic spiral sector 
in quantitative analysis by making a 
few alterations in the slit mechanism. 
Fig 1· Double logarithmic spiral Plate I, fig. 2 shows a convertible 
secto,r. 
slit that has been made from one of 
the common type slit units. The slit adjustment mechanism has been 
altered to bring the edge of the drumhead (A) flush with the jaws of the 
slit. This change involved placing a thick shim under the screw-block and 
using long pins in place of short ones in the slit jaw activating mechanism 
on the back side of the slit unit. The lower fixed guideway, for holding 
the Hartmann diaphragm (B) before the slit, was milled off and a de-
tachable guideway (C) which can be mounted on the lower part of the 
slit unit was made for guiding the diaphragm into proper position. By 
removing the guideway (C) from the slit unit, the sector disc can be 
placed very near to the face of the jaws of the slit. The adjustable thin 
metal strip (D) covers the upper portion of slit that is not used with the 
sector. 
The conversion of the slit from the form for qualitative work to the 
form suitable for use with the logarithmic spiral sector or vice versa can 
be made in a very few minutes. 
PLATE I 
Fig. 1. Standards for spectrographic determination of fluorine. 
Fig. 2. Convertible slit unit. 
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EQUILIBRIUM OF A THIN PLATE, SYMMETRICALLY LOADED, 
ON A FLEXIBLE SUBGRADE* 
D. L. HOLL 
From the Department of Mathematics, Iowa State College 
Accepted for publication April 18, 1938 
In this note there is presented the derivation and the solution of an 
integro-differential equation associated with the following problem: A 
thin plate infinite in extent rests on a yielding subgrade or foundation. 
The plate is loaded by a normal surface loading on the upper surface and 
by the subgrade reaction pressure on the contacting surface. It is assumed 
that the whole system of loading, plate and subgrade, possesses axial 
symmetry and that the ordinary thin plate theory is applicable. The 
additional hypothesis is made that the plate maintains continuous contact 
with the subgrade without inducing any shearing resistance on the plate. 
A general result is obtained for the deflection of the plate for various types 
of loading and for subgrades of differing physical nature. 
DERIVATION OF EQUATIONS 
The plate equation in the axially symmetric case is 
(1) N\74W (r) = p (r) =Po (r) - P• (r), 
where w (r) is the axial deflection, N = EI/ (1 - v2 ) is the plate rigidity 
factor, and p0 and p. denote the surface loading of the plate and subgrade 
reaction, respectively. 
Let k (r,8;Q,</>) denote the deflection at (r,8) of the subgrade surface 
for a unit load applied on this surface at (Q,qi). This kernel or "influence 
function" is symmetrical in the variables and may be considered as known 
either by analytical considerations or by experimental determination since 
it depends upon the physical nature of the foundation itself. By reason of 
the symmetry involved, the deflection in any axial plane may be consid-
ered and (J may be taken equal to zero. Hence for an elementary load 
Ps (Q) QdQd<f>, the deflection w of the subgrade surface is 
dw = k (r;Q,<f>)p. (Q) QdQd<f>, 
and for an elementary ring load between Q and Q + dQ is 
(2) dw = 2p. (Q) QdQ!~ (S) dqi = 2:n:p8 (Q) dQK (r,Q), 
0 
where 
K (r,Q) = f ~(S)Sdsf :Jo (uS)J0 (ur)J0 (uQ)du 
0 0 
and S 2 = r 2 + Q2 -2rQ cosqi, and J 0 denotes the Bessel function of zero 
• This paper is included under the title "Thin Plates on Elastic Foundations" sub-
mitted January, 1938, for presentation at the Fifth International Congress for Applied 
Mechanics in Boston, September, 1938. 
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order. Hence the deflection at a distance r from the center of symmetry 
due to the total surface loading p. (Q) is 
(3) w(r)= Jicr,Q)p. (Q)2itQdQ. 
0 
By reason of the continuity assumed to exist between the plate and the 
subgrade, the deflection of the plate is also given by (3). From (1) there 
is obtained the integro-differential equation 
(4) w(r)=/00 K(r,Q)[p0 (Q)-N\J4w(Q)]2itQdQ. 
0 
GENERAL SOLUTION 
Under the conditions assumed the surface loading p0 (Q), being a 
bounded loading function and possessing only a finite number of finite dis-
continuities, may be written 
(5) 
where 
(6) 
Po (Q) = f ~o (a.)Jo (a.Q) a.do., 
0 
P o(a.)= j;o(t)Jo(a.t)tdt 
0 
is the Fourier-Bessel transform <1> of p0 (Q). One may assume the solution 
of ( 4) to be of the form 
(7) 
Then 
w(r)= /;(a.)Jo(a.r)da.. 
0 
N\74w(r)= /~a.4W(a.)Jo (a.r)da. 
0 
and these values inserted in (4) lead to 
(8) f; (a) J 0 (a.r) da. = f [ a.Po (a) - Na.4W (a) ]da. f ;itQK (r,Q) J 0 (a.Q) d~ 
0 0 0 
in which an inversion of the order of integration has occurred in the 
right member, a process readily justifiable. 
Employing the definition of K (r,Q), the last integral of the right mem-
ber of (8) may be written as K(a.)J0 (a.r) where 
(9) K (a) = f ; ntk (t) J 0 (at) dt. 
0 
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Hence (8) becomes 
f [w (a)- aP0 (a)K(a)+ Na4W (a) K(a),]J0 (ar)da = 0. 
0 
Since this is an identity in r, 
(10) W(a)= aP0 (a)K(a) 
1 + Na4K(a) 
From (7) the general solution for the axially symmetric case is 
(11) f .tl>o(a)K(a)J0 (ar)da W'(r)= . 
o 1 + Na4K(a) 
This solution shoW's hoW' the action of the plate under a given loading 
is influenced by altering the assumptions concerning the physical nature 
of the foundation, that is, if k (Q) and consequently from (9) its transform 
K (a) is knoW'Il. OtherW'ise for a given k (Q) the variations due to differing 
types of symmetric loading may be studied. 
EFFECTS OF SUBGRADE 
For a rigid support k (Q) = 0 and the solution is trivial. For a floating 
plate the influence function is zero everyW'here except at the origin W'here 
it has a singularity such that K 1 (a)=1/'Y- (x = const.), that is the support-
ing medium offers a reaction pressure proportional to the deflection. In 
the usual classical elasticity theory the surface deflection<2> k(Q) of 
a homogeneous istotropic semi-infinite medium due to a unit load is 
k 2 ( Q) = (1 - v. 2) /:n:E.Q where the subscripts refer to the moduli of the 
elastic supporting medium. For this isotropic case equation (9) yields 
K 2 (a)= 2 (1- v 0 2) /E.a = N./a. For cylindrical isotropy the same type of 
K 2 (a) is valid W'ith N. involving all the elastic constants. The general 
solutions (11) for these two media are 
(12) ( )-/ P0 (a)J0 (aQ)ada W'1 r - , 
o x + Na4 
( f Po(a)J0 (ar)da W'2 r)=N. . 
o l+NN.a3 
Special cases of these integrals have been published by several W'riters<3>. 
The present solution seems to be of W'ider generality in that it is possible to 
solve the problem explicitly for any type of supporting medium W'hose 
properties may not all be knoW'Il provided the deflection of the surface due 
to a unit load is known. 
EFFECT OF PLATE LOADING 
From (6) the transform P 0 (a) may be found for any loading Po(Q) 
W'hich has the properties already stated. In particular for a uniform load-
ing of intensity Po over a circle of radius c, one finds Po (a)= p0cJi(ac) / a 
and for the elastic case equation (12) becomes 
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(13) () N / j1(ac)Jo(ar)da W2 r = sPoC 
o a + NN.a4 
An important type of loading is that of a circular line load of constant 
intensity p0 on the periphery of a circle of radius Q. For such a loading 
Po(a)= QPoJo(aQ) and (12) yields 
(14) () N JJ:(aQ)J0 (ar)da W 2 r = sPoQ . 
o 1 + NN.a3 
By replacing 2:n:Qp0 by P, the last integral shows the reciprocal nature of 
the deflection on a circler due to a load P on a circle Q and vice versa. Thus 
one may also derive (13) by summation of ring loads as follows: 
w2 (r)== N.pofc f ;Jo(ar)Jo(aQ)da dQ 
o o 1 + N N 8a3 
= N.poc/j1(ac)Jo(ar)da. 
o a+ NN8a4 
For a concentrated load P 1 = :n:c2p0 , one finds from the limit of (13) as 
c approaches zero, 
(15) ( ) - N.P1/
00J 0 (ar)da 
W 2 r - --
2:n: o 1 + NN.a 3 
The same result may be obtained if one considers the limiting cases of 
shrinking the loadings of a paraboloid of revolution or hemispherical load 
of maximum intensity p0• Their respective transforms are 
and 
P o (a)= 2p0J 2 (ac) /a2 
P o (a)= Pu (c/a) 3! 2J 312 (ac) y:n:/2. 
The deflection is then obtained from (11) or independently by addition of 
loads of the type given in (14). 
(16) 
DEFLECTION AND MOMENTS 
Defining/..= la and 13 = N N. then (15) becomes 
w 2 (r)= N 0P 1 j.J:(t..r/ l)dA. 
2:n:l 0 1 + A3 
At the origin this deflection is N.P 1 \13 / (91). 
At very large distances the non-oscillatory decay of the deflection is 
indicated by the asymptotic character of J 0 (r) = V2/ :n:r cos (r - :n:/ 4) and 
the amplitude vanishes as r-512• 
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The moment sum M = - N (1 + v) \]2w is 
(17) M= (l+v)P1 /~J0 ('Ar/l)cD. 
2Jt 0 1 + ')..3 
thus becoming infinite at the origin and vanishing at infinity as r-112• 
PLANE CASE 
From the axially symmetric case of (16) and (17) one may obtain the 
plane strain case of an infinite beam on an elastic base. One considers the 
effect at a point x along the beam by summing for a constant line density 
P from -oo to +oo on they axis. From (16) 
W 2 (x) = N.Pi_ r+oo f;o (~/lyx2 + y 2 ) cD.dy (18) 2itl .! 
- oo 0 1 + ')..3 
= N.Pi_ f~os ('Ax/I) cD. 
Jt / 'A(l + 'J...3) 
The moment in the beam may be obtained directly from (18) by differentia-
tion. Alternatively it may be obtained from (17) for the axial case, that is 
by replacing P 1/ 2 by P 1 and ('A/ l) J0 ('Ar/I) by cos ('Ax/ l), resulting in 
(l9) Mr = P 11 f kos ('Ax/ l) cD. . 
Jt 0 1 + A3 
This integral has been treated by Biot<~> and Marguerre<3>. Integral (19) 
was derived from an integro-differential equation by M. E. Reissner<5>. 
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Canthon laevis Drury is one of the Scarabaeidae belonging to the 
tumble-bug group, Coprinae. About the habits of this species much has 
been written, but about its morphology little seems to have been pub-
lished. Hardenburg (1907) described the mouthparts of this beetle. Mohr 
(1929) studied the external structure of the entire insect. Willimzik 
(1930) described the female sex organs of a closely related species, 
Scarabaeus sacer L. Nothing appears to have been published on the 
internal anatomy of Canthon laevis. 
The works of Straus-Durckheim (1828), Imms (1925), Bugnion 
(1933), and Weber (1933) were helpful in this study as references on the 
anatomy of the nervous and digestive systems of beetles in general. 
The following original descriptions of the internal organs of Canthcm 
laevis are based upon dissections of approximately two dozen individuals 
taken from Geneva, Indiana. 
GENERAL DESCRIPl'ION OF THE NERVOUS SYSTEM 
The central nervous system (fig. 1) is composed of a supra-oesopha-
geal ganglion or brain, a suboesophageal ganglion, a thoracic ganglion, a 
thoracico-abdominal ganglionic center, double longitudinal cords or con-
nectives joining these ganglia in a series, and many nerves extending from 
the ganglia to the different parts of the body. 
The brain lies dorsally upon the oesophagus. Projecting laterally 
from each side of the brain is a comparatively small optic lobe. Connect-
ing the supra-oesophageal ganglion and the suboesophageal ganglion are 
unusually long circumoesophageal connectives, their increased length 
being due to the rather large oesophagus of this beetle. The usual pairs of 
nerves extend to the mouth parts of the head from the suboesophageal 
ganglion. Parallel connectives lead caudad to the first thoracic ganglion. 
From this center, nerves extend to the prothoracic legs and other thoracic 
parts. Closely connected to the first thoracic ganglion is a larger thoracico-
abdominal ganglionic center. This mass is composed of the coalesced 
mesothoracic, metathoracic, and abdominal ganglia and lies in the caudal 
portion of the prothorax and in the mesothorax. From this center, nerves 
extend to the mesothoracic legs, the metathoracic legs, the dorsal body 
region, and the abdominal region. There are no abdominal ganglia. 
1 The writer wishes to acknowledge, with deep appreciation, the guidance and 
assistance of Dr. W. H. Wellhouse, Professor of Entomology, and the valuable sugges-
tions of Dr. H. H. Knight, Professor of Entomology. 
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GENERAL DESCRIPTION OF THE ALIMENTARY CANAL 
The alimentary canal (fig. 2) consists of the very short stomodaeum, 
the very long mesenteron, and the proctodaeum. From the fresh specimens 
dissected the longest alimentary tube measured two hundred twenty 
millimeters and the shortest, one hundred fifty-nine millimeters. The 
former was 11.15 times the total body length. 
The stomodaeum consists of the pharynx and the oesophagus. The 
length of the stomodaeum is approximately 2 per cent of the total length 
of the canal. The oesophagus leads directly posteriorly to the mesenteron, 
there being no crop or proventriculus. An internal view shows folds of the 
stomodaeum treminating as the oesophageal valve. 
The mesenteron or ventriculus consists of the anterior mesenteron, 
regenerative crypts or villiform gastric caeca, and the posterior mesen-
teron. The entire mid-gut makes up about 90 per cent of the total canal. 
The anterior mesenteron lies in the thoracic region and averages 3.5 per 
cent of the total ventriculus. The posterior mesenteron lies in the ab-
dominal cavity and is slightly narrower than the anterior mesenteron. Its 
width is approximately one millimeter. It is coiled many times, giving an 
appearance similar to that of a watch-spring. Among these coils and at-
tached outside the digestive canal are numerous fat bodies (fig. 4) and 
tracheae. 
Numerous regenerative crypts or gastric caeca of uniform size project 
out from the surface along the entire length of the mesenteron. A trans-
verse section (fig. 3) shows the crypts are constricted near their connec-
tions with the mesenteron wall. The inner cellular structure appears to be 
continuous with that of the epithelium of the mesenteron. 
A microscopic study of a series of cross sections of the anterior mesen-
teron (fig. 3) shows an epithelium, a basement membrane, a circular 
muscle layer, a longitudinal muscle layer, and an outside peritoneal layer. 
An external view of a longitudinal section (fig. 4) of the posterior mesen-
teron shows the evaginations which form several regenerative crypts and 
the tracheal attachment of a fat body. 
The proctodaeum averages 8 per cent of the entire canal. It consists 
of the pyloric valve, the colon, and the rectum. It increases in breadth 
from the valvular region to near the anus where it reaches a width of ap-
proximately three millimeters. There are four Malpighian tubes. 
There is a translucent, smooth, and somewhat constricted part of the 
proctodaeum extending about three millimeters caudad from the base of 
the Malpighian tubules. Internally, there are folds of the proctodaeum 
which give this translucent region the appearance of a valve. The author 
has termed this the region of the pyloric valve. The remainder of the 
intestinal wall is marked only by the presence of numerous large external 
ridges. Ventral to the rectum are the ducts of the sex organs. 
FAT BODIES 
As systems are dissected from specimens of Canthon laevis masses of 
fat bodies, arranged like link sausages (fig. 5) obscure the view and bother 
continually. Some of these give the deceptive appearance of numerous 
long caeca protruding from the food tube (fig. 4). Many fat bodies are 
attached also to the walls of the abdominal cavity. 
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REPRODUCTIVE SYSTEM 
The female reproductive system consists of an ovary, oviduct, vagina, 
and a spermatheca (fig. 6). The single ovary (left) consists of a single 
ovariole having a terminal filament followed posteriorly by the germarium 
and vitellarium. A very short oviduct leads to the vagina. The tubular 
spermatheca is attached at the left side and extends from left to right 
dorsally over the vagina. The right ovary and its oviduct are absent. 
The male reproductive system (fig. 7) consists of paired testes, acces-
sory glands, vasa deferentia, an ejaculatory duct, and the aedeagus. This 
system is jammed together under the last two or three abdominal tergites. 
Lying anterior to the other parts of the system are the paired accessory 
glands. Ventrad of all other parts of the reproductive system are the 
testes. Each testis consists of six rather spherical follicles. These are 
bound together into a mass by an orange tinted tissue. A vas deferens 
leads from each testis and joins the ejaculatory duct at a point very near 
that to which the previously described paired accessory glands are at-
tached. Extending forward from the anterior end of the curved ejacula-
tory duct is a single tubular accessory gland. The ejaculatory duct ter-
minates posteriorly in the male intromittent organ or aedeagus. 
TRACHEAL SYSTEM 
The respiratory system consists of eight spiracles, tracheae, air sacs, 
and tracheoles. A dorsal view (fig. 8) shows that the abdominal tracheae 
have no expansions or air sacs. In the posterior margin of the thoracic 
region there is a mass of air sacs which hangs slightly into the anterior of 
the abdominal cavity. Tracheae from these sacs and from the mesothoracic 
spriracles lead anteriorly between the thickly muscled meta- and meso-
thoracic body walls to become the dorsal and ventral prothoracic air sacs. 
The prothoracic sacs taper cephalad into the head, where branches of the 
. tracheae reach to all parts. 
A lateral view of the abdominal tracheae in the region of the spiracles 
shows the large, lateral tracheal trunk from which branches extend 
throughout the abdomen. The posterior end of the trunk is especially 
prominent because of its numerous and bunched branching. 
fl caudal view (fig. 9) of the group of air sacs in the metathoracic 
region shows that there are seven pairs of sacs. The largest of these 
originates directly from the large metathoracic spiracles. The three pairs 
of small sacs originate as branches from the larger sacs. 
SUMMARY 
1. The abdominal ganglia of the nervous system are coalesced with 
the meso- and metathoracic ganglia to form a thoracico-abdominal gangli-
onic center. 
2. The stomodaeum has neither crop nor proventriculus. The mesen-
teron is exceedingly long in comparison to the total length of the insect 
body and has projecting regenerative crypts or gastric caeca over its entire 
length. 
3. All of the body cavities are lined with sausage-shaped fat bodies 
formed around tracheal branches. 
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4. The female reproductive system has only the left ovary developed 
with but a single ovariole. The oviduct is very short. 
5. The male reproductive system is crowded into a small space far 
to the rear of the abdominal cavity. Beneath the paired accessory glands 
which make up the greater part of the bulk of this system are the small 
rounded testes. An unpaired accessory gland lies at the proximal end of 
the ejaculatory duct. 
6. The respiratory system shows no air sacs arising from the ab-
dominal tracheae, but seven pairs arise from the metathoracic spiracles 
and form a group caudad to the heavily muscled thoracic region. Air sacs 
from the mesothoracic spiracles extend forward into the head. 
PLATE I 
Explanation of figures 
Fig. 1. A dorsal view of the central nervous system (l.5x). supra. g., super-oesopha-
geal ganglion; o. 1., optic lobe; o. c., circumoesophageal connective; s. g., sub-
oesophageal ganglion; c., connective; 1., nerve to leg; th., thoracic ganglion; 
th. g. c., thoracico-abdominal ganglionic center; d., nerves to dorsal region; 
a., abdominal nerves. 
Fig. 2. A dorsal view of the alimentary canal (1.5x). ph., pharynx; oe., oesophagus; 
o. v., oesophageal valve; a. m., anterior mesenteron; v. g. c., regenerative crypt 
or gastric caecum; p. m. posterior mesenteron; m. Malpighian tubes; p. v., 
pyloric valve; co., colon; r., rectum; an., anus; A., stomodaeum; B., mesenteron; 
C., proctodaeum. 
Fig. 3. A transverse section through the anterior mesentron (12x). v. g. c., regenera:.. 
tive crpyt or gastric caecum; epi., epithelium; 1. m., longitudinal muscle; c. m., 
circular muscle; b. m., basement membrane. 
Fig. 4. A longitudinal view of a portion of the posterior mesenteron (9x). f. b., fat 
body; v. g.c., regenerative crypt or gastric caecum; tch., trachea; c. m., circular 
muscle; 1. m., longitudinal muscle. 
Fig. 5. A diagram of fat bodies on the tracheae (9.4x). tra., trachea; tch., tracheal 
branches; f. b., fat body. 
Fig. 6. A dorsal view of the female reproductive system (4.lx). f. filament; g., ger-
marium; oo., oocyte; od., oviduct; va., vagina; sp., spermatheca. 
Fig. 7. A dorsal view of the male reproductive system with the parts stretched out 
(3x). a. g. m., anterior paired accessory glands; te., testis; a. g. e., posterior 
single accessory gland; v. d., vas deferens; e. d., ejaculatory duct; ae., aedeagus. 
Fig. 8. A dorsal view of the respiratory system with obstructing organs removed and 
the tracheae and air sacs shown in white (1.5x). th. sp., thoracic spiracle; 
a. s., air sac; a. sp., abdominal spiracle. 
Fig. 9. A caudal view of the metathoracic air sacs (l.5x). m. sp., metathoracic 
spiracle; a. s., air sac. 
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As pointed out by Mangels (1) the diastatic activity of wheat is very 
important in the baking quality of the flour that is milled from it. Since 
it has become a common practice to fumigate wheat in storage against 
insects and fungi, the question arises whether the fumigation produces a 
deleterious effect on the diastatic activity of the wheat. Fumigation of 
wheat with sulfur dioxide (2), for instance, is known to lower markedly 
the baking quality of the flour milled from it. This investigation was un-
dertaken to prove whether the effect of sulfur dioxide and that of other 
fumigants are due to injury to the diastase of wheat. 
Wheat samples were fumigated with 15 different fumigants under 
conditions approximating those used in large bins, and the diastatic 
activity determined on water extracts of the ground grain. The fumigants 
tested include some that are in common use and some which are still in 
the experimental stage. 
The grain used was No. 1 hard winter wheat, variety Iobred x Min-
hardi, from the 1936 crop of the Agronomy Department of Iowa State 
College. In one series of experiments soft wheat was used in order to 
establish whether there was a difference in resistance to penetration of 
the fumigants. The fumigations with volatile liquids were carried out in 
4-liter Erlenmeyer flasks using 1000 grams of grain. The technique was 
that of Naylor and Dawson (3), in which the calculated amounts of vola-
tile liquids were measured into test tubes, dropped in on the grain, and 
the flasks stoppered and sealed with collodion. Fumigants applied in this 
manner were carbon disulfide, ethylene oxide, chloropicrin, ethylene 
dichloride-carbon tetrachloride mixtures, ethylene dichloride, carbon 
tetrachloride, methyl bromide, methyl formate and methyl thiocyanate. 
The vapors for fumigations with hydrocyanic acid, sulfur dioxide and 
hydrogen sulfule were generated in the flasks by chemical reactions. A 
50-cc. beaker was suspended by wires from the stopper of a 4-liter suction 
flask carrying a dropping funnel. For the hydrocyanic acid fumigation, 
solid potassium cyanide and a few drops of water were placed in the beaker 
and a slight vacuum drawn on the flask. Sulfuric acid was allowed to 
drop onto potassium cyanide and after all the acid had been added the 
stopcock was left open a few seconds to restore the. atmospheric pressure 
within the flask. For generating sulfur dioxide, sodium sulfite was placed 
in the small beaker, and sulfuric acid added as for the hydrocyanic acid. 
The same technique was used for generating hydrogen sulfide from fer-
rous sulfide. 
For the fumigation with naphthalene, an excess of the solid was 
placed in the beaker in the suction flask as for generating vapors by a 
1 The author wishes to thank Professor R. M. Hixon for suggesting the problem 
and Professor C. H. Richardson for directing the work. 
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chemical reaction. The evacuated flask was allowed to stand several 
hours at 30° C. to allow sublimation to take place, and then air was let 
in slowly. The air in the flask was saturated with naphthalene and ac-
cording to Lehman ( 4) would contain 0.000852 g. per liter. 
An atmosphere of carbon dioxide was obtained over the grain in a 
suction flask by evacuating with a water pump, then running carbon diox-
ide from a tank through sulfuric acid and into the flask. This was repeated 
three times. The flask was then left overnight with carbon dioxide gas 
going through at the rate of four liters per hour. The exit gas was led into 
a nitrometer containing 50 per cent potassium hydroxide. Six cubic 
centimeters of gas insoluble in potassium hydroxide was collected in one 
hour. From this the gas in the flask was calculated to be 99.8 per cent 
carbon dioxide. 
Fumigation with dry heat was accomplished by placing 500 g. of grain 
in a large dish in an oven at 150° F. for three hours (2). 
The flasks of wheat containing the fumigants were placed in an incu-
bator at 25° C. for 24 hours, except in the case of the naphthalene and 
dry heat treatments. The flasks were opened after 24 hours and the gases 
allowed to escape another 24 hours. The fumigated wheat samples were 
prepared for amylase determinations by grinding completely through the 
No. 2 screen of the Wiley mill. 
The amylase content of the wheat samples was determined by a 
method similar to that of Gore (5), since the ungerminated grain con-
tains only the saccharifying amylase (6). Twenty-gram samples of the 
ground wheat were weighed into beakers and 50 cc. of ice cold distilled 
water added, and the mixtures allowed to stand overnight in the icebox. 
The extracts were filtered off with suction and diluted 1-5 with ice cold 
distilled water. Five cubic centimeters of each extract was added to 100 cc. 
of a 2 per cent suspension of soluble starch which was buffered to pH 5 
with phosphate buffers. These mixtures were placed in a thermostat at 
40° C. After 30 minutes 5.0 cc. portions were pipetted from each digestion 
into 25 cc. of alkaline ferricyanide reagent in 250 cc. E. flasks. These 
flasks were placed in a boiling water bath 15 minutes, cooled and 25 cc. 
of acetic acid reagent added. Five cubic centimeters of 50 per cent potas-
sium iodide solution was added and the iodine set free titrated with stand-
ard O.lN sodium thiosulfate solution1 • The starch remaining in the sample 
serves as an indicator. 
The titration results were coverted to milligrams of maltose by 
reading directly from a reference curve of cubic centimeters of O.lN 
sodium thiosulfate against milligrams of maltose. This curve was pre-
p;;i.red by titration of known samples of C. P. maltose hydrate whose purity 
had been checked by the Munsen-Walker method. 
When soft wheat was fumigated with five times the recommended 
amount of carbon disulfide the amylase value was 98.6, with the control 
value on the untreated soft wheat as 100. Fumigation with five times 
'Reagents-
Alkaline ferricyanide reagent-0.lN solution in 5 per cent sodium carbonate. 
Acetic acid reagent- 200 cc. of glacial acetic acid, 80 g. of ZnSO, · 7H,O and 
70 g. of KCl and water to make one liter. 
Potassium iodide solution-50 per cent solution containing one drop concen-
trated NaOH per 100 cc. 
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the usual amount of ethylene oxide gave a value of 98.5 and with hydro-
cyanic acid 97 .3. There was no significant deleterious effect on the amy-
lase present in the soft wheat when the grain was treated with these 
fumigants. 
Table 1 shows the results obtained when hard winter wheat was 
treated with the frequently recommended amounts of fumigants (amounts 
and references to the literature are shown in the table) and also a second 
series when the amount of each fumigant was increased five times. The 
extractions and tests were run in triplicate on each sample of fumigated 
grain. Controls were run on the untreated grain every time new samples 
of fumigated grain were tested. Setting the average for the values on 
controls at 100 and dividing by the average for the determinations on the 
samples by that for the controls run at the same time, the whole set of 
data becomes comparable. 
The data given in the table show that in no case is the deviation of the 
samples of hard wheat from the controls of untreated hard wheat greater 
than 5 per cent, even when five times the recommended amounts of fumi-
gants were used. The precision of the method of determining diastase 
activity by water extraction is not less than five per cent. The deviations 
shown in the table are due to differences in the amounts of enzyme ex-
tracted, because the determination of reducing sugars is reproducible to 
TABLE 1. Amylase content of fumigated wheat 
Series 1• Series 11•• 
Recommended Amount with Maltose Control Maltose Control 
Fumigant Literature Reference Formed as 100 · Formed as 100 
mg. mg. 
Control ...... .. ........ not fumigated 41.5 100 42.8 100 
Carbon disulfide .. . .... 20 lbs. per. 1,000 cu. ft. (7, 8, 
10) 40.6 98.0 42.2 98.5 
Carbon dioxide . .. . .... 99.8 per cent atmosphere 42.0 101.2 
Ethylene oxide ... .. . ... 2 lbs.perl,OOOcu. ft.(7,9,10) 40.0 96.5 42.2 98.5 
Hydrocyanic acid ... . .. 2: 3: 4 formula (7) 41.0 98.8 41.3 96.5 
Control .. . ... .... ...... 55.3 100 49.0 100 
Ethylene dichloride and 
carbon tetrachloride .. 20 lbs. of 3-1 mixture per 
1,000 cu. ft. (7, 8, 10) 57.5 104 49.3 100.3 
Ethylene dichloride .... Same amount as above 58.1 105 48.6 99.9 
Carbon tetrachloride ... Same as in mixture 57.5 104 48.6 100.l 
Sulfur dioxide . .. .. . . .. pot method (7) 58.5 105.5 49.6 100.3 
Chloropicrin ........... 1 lb. per 1,000 cu. ft. (7, 11) 55.4 96.5 49.4 100.5 
Controls ....... . .... . .. 49.0 100 49.0 100 
Methyl bromide . . .. . . . . Twice the HCN dose 49.2 100.2 49.7 100.2 
Hydrogen sulfide ....... 25 per cent atmosphere (2) 49.2 100.2 
Naphthalene .... .... ... Saturated atmos. at 30°C(4) 49.3 100.3 
Dry heat .... . . .. ...... 150°F. for three hours (2) 48.9 99.8 
Controls ... ...... ..... . 56.5 100 56.5 100 
Methyl formate . . ... . .. 25 mg. per L. (12) 56.0 99.5 56.7 100.2 
Controls 
······ ··· ·· ···· 
49.5 100 49.5 100 
Methyl thiocyanate .. .. 10 mg. per L. (13) 50.l 101.l 50.2 101.5 
Note : 
• Fumigated with recommended amounts. 
• • 5 times recommended amounts of fumigants. 
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0.5 per cent. The wide variation in the controls run on different days is 
the result of differences in the moisture content of the ground grain owing 
to differences in humidity. 
The results of these experiments on the effect of fumigation on the 
saccharifying amylase present in wheat can be summarized as follows: 
1. When the grain was treated with the frequently recommended 
amounts of fumigants the amylase was not injured. 
2. The amylase present was not injured by increasing the amounts 
of fumigants five times. 
3. That the absence of harmful effects of fumigation is not due to 
a varietal resistance is shown by the fact that there was no inhibition of 
enzyme activity in soft wheat after fumigation. 
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ZEROS OF A CLASS OF POLYNOMIALS ASSOCIATED WITH 
BATEMAN'S k-FUNCTION 
J.M. BATES 
From the Department of Mathematics, Iowa State College 
Accepted for publication June 15, 1938 
Consider the class of polynomials defined by the relation 
2Sx 
l +S 00 
e =L Uo(x)S0 , 
n = O 
where U0 (x) is the nth polynomial. These polynomials are closely related 
to Bateman's k-function1, which is of importance in the theory of turbu-
lence, and is a special type of the Wittaker function Wk,m (z) corresponding 
to the case m = 1/ 2. 
The differential equation and the corresponding difference equation 
which are satisfied by these polynomials may be obtained from the gener-
atin~ function by the usual methods. Thus, we have 
xUn" (x)- 2xU0 ' (x) + 2nUo (x) = 0, 
2 (x - n) U0 (x) = (n + 1) Un+l (x) + (n - 1) Un-1 (x). 
The term containing the first derivative of Un (x) in the differential equa-
tion can be eliminated by making the substitution 
Un (x) = exv n (x) , 
where Vn (x) is the even ordered Bateman k-function. The differential 
equation obtained, which is satisfied by Vn (x), is 
(1) xVn" (x) + (2n - x) Vn (x) = 0. 
It is obvious that Un (x) and Vn (x) vanish for the same values of the 
variable. Two asymptotic expansions will be determined for the zeros of 
Vo (x) one of which is especially adapted for the computation of the small 
zeros and the other for the computation of the large zeros. 
0 . Bottema2 has presented a method for obtaining the limits for the 
zeros of a function Qn (x) which satisfies a difference equation of the type 
Qn (x ) - (x + bn) Qn-1 (x) + C 2n-1Qn-1 (x) = 0. 
If the results of his work are used the limits for the zeros of U0 (x) can be 
expressed as 
(2) 
1 Bateman, H. The k-Function, A Particular Case of the Confluent Hypergeometric 
Function. Transactions of the American Mathematical Society, 33:817-831. 1931. 
2 Bottema, 0 . Die Nullstellen gewisser durch Rekursionsformeln definierten 
polynome. Proc. K. Akademie van Wetenschappen Amsterdam, 34:681-691. 1931 
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1 
where b,. = (1 - n), Cn =-\In (n - 1), and I kn I < 1. The positive sign 
2 
is used before the radical to obtain an upper limit and the negative sign 
is used to obtain a lower limit. If the values for b,. and Cn, along with the 
condition kn= 0, are substituted in (2) the interval for the zeros of U 0 (x) 
is found to be 0 < x < 2n - 1. 
The small zeros of U0 (x). To obtain the small zeros of Vn(x) we first 
derive an expansion for Vn (x) valid in the neighborhood of the origin. In 
order to cut down the interval in which the zeros lie, the transformation 
t=2nx 
may be made in the differential equation 
(3) xVnn (x) + (2n -x) Vn (x) = 0. 
The resulting differential equation is 
(4) tV0 " (t) + (1 - At) Vn (t) = 0, 
where A= 1/ (2n) 2• From equation (4) two independent solutions for 
Vn (t) can be found by the method of Frobenius. In these solutions the 
coefficients of the powers of t are polynomials in A and the degree of these 
polynomials in A increases as the power of t increases. Therefore, a solu-
tion can be expressed as a power series in/... Hence, 
(5) 
l =O 
where ro, is a function of t. The coefficients of the powers of A must vanish 
identically if (5) is to be a particular solution of equation ( 4). The condi-
tions that the coefficients vanish are 
(6) 
troo" + roo = 0, 
tro1" + ro1 = troo, 
..... . ' 
tro," + ro1 = tro1-1, 
A particular solution for the first differential equation of this system is 
readily seen to be 
where Ji is a Bessel function. Therefore, we may assume that 
ro1 = p,roo + q1roo' , 
where p 1 and q 1 are polynomials int. Equations (6) may be solved for ro1 
which satisfies the boundary conditions 
q1 = 0, Pi + q,' = 0, when t = 0. 
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The zeros of V n ( t) may be assumed to be of the form a + h where a 
is a zero of w0 , and 
00 
1=1 
in which C 1 is a polynomial in a. If Vn (a+ h) is expanded by Taylor's 
formula we obtain 
h2 
Vn(a+h)=Vn(a)+Vn'(a)h+Vn"(a)-+ ...... =0. 
2! 
(7) 
The conditions for the vanishing of the coefficients of powers of i.. in equa-
tion (7), provide us with a system of equations from which C 1 may be 
found. Thus the expansion for the small zeros of Un (t) takes the form 
a 2 [lla3 2a2] [73a4 12a8 16a2 J (8) Zero=a+-i..+ ---- ;.2+ -----+-- j,3 
3 45 15 315 35 63 
[ 3548a6 _ 664a4 5925a3_ 16a2];.,4 
+ 14175 945 + 4725 15 + . . . . . 
Values of a may be obtained from Watson's tables3 and the first five are 
a1 = 3.670492, 
a2 = 12.304614, 
a3 = 25.874863, 
<X4 = 44.380191, 
a 5 = 67.820413, 
The large zeros of Un(x). If the transformation 
2n-x 
y=---(2n) 1/3 
is made in the differential equation (1) the resulting differential equa-
tion is 
(9) (1- µy) Vn" (y) + yVn (y) = 0, 
where µ = 1/ (2n) 213 • From this point the procedure is similar to that 
used for the expansion of the small zeros and we obtain the following 
expansion for the large zeros of Un (x): 
• Watson, G. N. A Treatise on the Theory of Bessel Functions. p. 748. Cambridge 
University Press. 1922. 
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where R is a zero of J / (2/3 x 312 ) + J / (2/3 x 817 j . The first five values for t' 1 3 -1 s 
~as obtained from Watson's tables are 
~l = 2.338107, 
~2 = 4.137258, 
~3 = 5.520555, 
~4 = 6.786701, 
~5 = 7 .944136, 
The first five and the last five zeros, for n = 40, as calculated from (8) 
and (10), respectively, are 
0.045889, 
0.153906, 
0.323873, 
0.556041, 
0.850773, 
.... ' 
48.843598, 
52.981174, 
57.670743, 
62.971927, 
70.170069. 
HYGROSCOPICITY AS A FACTOR IN THE THERMAL 
CONDUCTIVITY OF LOOSE-FILL INSULATORS1 
H. E. RUFF 
From the Department of Physics, Iowa State College 
Accepted for publication June 1, 1938 
In recent years the condensation of moisture within the walls of 
structures employing loose-fill insulation has become a matter of grave 
concern. The problem had its inception with the comparatively recent 
improvement in building practices and there are three things which com-
bine to aggravate the situation: tighter construction, thermal insulation, 
and air conditioning. 
While experimenting with means for the prevention of moisture 
accumulation on interior building surfaces Close (3) found that water 
vapor will penetrate any loose-fill insulating material and condense at 
the dew point. McPherson (6,7) observed that such moisture accumula-
tion in loose-fill thermal insulation will continue indefinitely if there is 
any appreciable infiltration of air through the walls and thus the insulation 
material will eventually reach a state of complete saturation. Teesdale 
(11) demonstrated that differences in vapor pressures on the inside and 
outside of walls will result from weather conditions frequently encoun-
tered in the winter season thus causing a vapor movement through the 
walls with attendant condensation. He further showed that these phe-
nomena are independent of air movement to the degree that no general 
circulation of air is necessary to carry the vapor into the wall. 
Investigations by Batsch (1), Madgwick (5), Rowley (8, 9), Berest-
neff (2), Finck (4), and Schmidt (10) have, on the whole, borne out the 
accuracy of the conclusions stated in the foregoing paragraph. 
At the present time exhaustive tests of "vapor barriers" are being 
made by the Engineering Department of the University of Minnesota and 
by the United States Forest Products Laboratory at Madison, Wisconsin. 
Since the methods thus far devised are only partially successful in making 
the walls impervious to moisture vapor there appears to be an urgent 
need for more detailed data regarding the effect of moisture content on the 
thermal conductivities of the various loose-fill insulators. This need has 
been pointed out by Berestneff (2), by Finck (4), and by Close (3). 
It is generally known that the thermal conductivity of an insulator 
increases with increased moisture content but the magnitude of this effect 
over wide ranges has never been investigated. Only two meager reports 
on the subject are to be found in the literature. Testing over-all heat 
transmission of wall structures by means of a hot box apparatus, Rowley 
(8) and his associates found that various types of walls filled with porous 
gypsum material had their transmission coefficients reduced considerably 
as a result of drying over a period of four or six weeks. Finck (4) investi-
gated the effect of moisture on bagasse, cornstalk pulp, and wood pulp. 
1 A thesis submitted to the Graduate Faculty of Iowa State College in partial ful-
fillment of the requirements for the degree of Doctor of Philosophy. Doctoral Thesis 
No. 466. Submitted June, 1938. 
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He found their conductivities to be increased less than ten per cent by 
several days conditioning in an atmosphere which was in equilibrium 
with a saturated solution of Ca (N08) 2, giving a relative humidity of 
approximately 53 per cent at room temperature. 
In the current project moisture contents up to a maximum of forty-
one per cent by weight were given to various types of loose-fill insulators 
and the effect on thermal conductivity noted. In successive tests for any 
given type the moisture content was increased to such a point as to render 
the material completely ineffective as thermal insulation. 
DESCRIPTION OF APPARATUS 
The guarded hot plate apparatus used is a modification of the 
standard form of apparatus described by van Dusen (12) and used by 
the Bureau of Standards. The changes in design from the standard form 
of hot plate apparatus are three-fold: (a) Method of suspending the 
heating units; (b) Employment of a compensating unit; ( c) Structure of 
the cold plate tank. 
Figure 1 shows a schematic diagram of the assembled apparatus. A 
main heating unit, E, and a compensating unit, C, are fastened with copper 
machine screws to bakelite lugs, A, which serve to suspend the assembled 
units between two threaded rods, G, attached to the supporting cabinet, 
K. The assembled heating units are secured by thin nuts placed on both 
sides of the bakelite lugs. This method of rigid suspension of the appara-
tus permits of making conductivity tests with the sample either in the 
vertical or the horizontal position, gives ready access to the sample frame, 
and makes the use of edge insulation more effective. 
n 
-
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Fig. 1. Assembled apparatus 
Figure 2 gives the details of con-
struction of compensatory and main 
heating units and indicates the man-
ner of assembly of their various parts. 
Fig. 2. Details of construction of heating units 
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The compensating unit consists of two square, copper plates, A, between 
which there is a heating element made of nichrome ribbon, D, wound on 
a square mica plate, C. The heating element is electrically insulated from 
the metal plates by thin micanite sheets, B, of slightly larger size. The 
main heating unit is of similar construction but has the following differ-
ences: (a) A 2 mm. saw-cut, G, isolates an outer guard ring, F, from the 
main heating plate thus minimizing the conduction of heat from the 
periphery of the hot plate; (b) The edge of the main heating element is 
surrounded by an auxiliary heating coil in order to compensate for heat 
losses from the edge of the hot plate. The employment of a compensating 
heating unit obviates the necessity of constructing two identical samples 
of thermal insulation. 
The cold plate serves as one side of a shallow, square, copper tank 
fastened to the supporting cabinet. Staggered baffle plates evenly spaced 
within the tank insure an equalized flow of water to all parts of the tank 
and consequently a uniform temperature distribution over the entire sur-
face of the cold plate. 
The loose-fill insulation comprising the sample to be tested in placed 
in a hollow square made of micarta and having a depth of 2.6 cm. Thin, 
semi-rigid sheets of micarta fastened to the top and bottom of the hollow 
square by means of friction tape facilitate the handling of loose-fill mater-
ials. After the filled sample frame has been placed between the hot plate 
and the cold plate these thin micarta sheets are removed, thus allowing 
the loose-fill insulation to come into direct contact with the metal plates. 
Edge insulation consisting of a framework of corkboard is placed 
over the assembled heating units, sample frame, and cold tank. The 
inner side of the edge insulation is upholstered with asbestos cloth to in-
sure close contact with the edges of the plates and prevent the circulation 
of air between the various units. 
Temperatures are measured by means of copper-constantan thermo-
couples, the electromotive forces being ascertained by means of a poten-
tiometer arrangement. The thermo-junctions are made by soldering 
Number 24, B. and S. gauge, constantan wire to the copper plates. An 
insulated constantan wire attached to the center of the hot plate passes 
between the copper plate and the micanite sheet to the edge of the main 
heating unit and thence to a binding post on the supporting cabinet. A 
similar constantan wire attached to the center of the cold plate and passing 
through the cold tank to another binding post completes the couple. A 
fine copper wire makes electrical connection between the hot and cold 
plates. 
The null method is used in securing thermal equilibrium between the 
main heating unit and the compensatory unit, and between the guard ring 
and hot plate. For this purpose banks of thermocouples in parallel are 
used. The manner of construction of these thermocouples is identical 
with that of the thermocouple between the hot and cold plate. The junc-
tions are symmetrically located on the plates, those on the hot plate and 
guard ring being in close proximity to the saw-cut, and those on the main 
unit and compensatory unit being located on the innermost plates of these 
units. All circuits terminate at binding posts on the supporting cabinet. 
The thermocouple circuits are shown in figure 3. 
As indicated in figure 2, the edge of the main heating element ex-
tends well beyond the edge of the hot plate. Only the actual length of 
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Fig. 3. Thermocouple circuits 
nichrome ribbon directly opposite 
the hot plate is used to determine the 
11, 
~....-J..,_~~~~~~~~-
110 AC. 
_,__ "'-~,----, 
rate of energy supply to the hot plate. Fig. 4. Electrical connections 
Energy is supplied to the heating 
elements by means of 110 volt A.C. Figure 4 gives a diagram of the electri-
cal connections. 
THEORY 
The efficiency of loose-fill thermal insulation is due largely to the 
s~ll dead air cells either within or between the fibers or particles of the 
material. Next to a vacuum, the dead air cells reduce conduction to a 
minimum but the presence of the loose-fill insulation also greatly deters 
loss of heat by convection and radiation. The transfer of heat by conduc-
tion is augmented by the surface films of water which reduce the contact 
resistance between the fibers or particles. · 
Most loose-fill thermal insulators are made of materials which are 
only slightly hygroscopic. However, the structure of the fabricated pro-
duct is such as to endow it with a great capacity for taking up water. As 
a result of the physical phenomena of surface tension and capillarity some 
of the widely used thermal insulators are capable of holding several times 
their own weight of water. In this discussion all statements pertaining to 
hygroscopity refer to the processed insulation and not to the basic material 
out of which it is made. 
In the apparatus described above the cold water carries the heat 
away as fast as it reaches the cold plate and, since the hot plate furnishes 
a constant supply of heat, a steady state is attained within the insulating 
material. Under these conditions, the time rate of heat flow, H, through 
the sample directly proportional to the area, A, of the hot plate and to the 
temperature gradient, dT/ dx; hence one has 
dT 
H=KA- (1) 
dx 
where K is a proportionality constant depending on the particular type of 
sample under consideration. In this apparatus the temperature gradient 
is constant, that is, the relation between temperature and distance is 
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linear, and since K is approximately constant throughout short ranges of 
temperature, equation (1) may be written 
T2-T1 
H=KA---
d 
(2) 
where T2 is the temperature of the hot plate, T1 is the temperature of 
the cold plate, and d is the distance in centimeters between the plates. 
EXPERIMENTAL PROCEDURE 
A given sample of loose-fiJl insulation was placed in a vacuum desic-
cator for twenty-four hours and then weighed. Immediately after weigh-
ing it was given approximately the desired moisture content by means of 
an atomizer spray, the sample being thoroughly agitated throughout the 
spraying period. The material was next allowed to stand in a sealed Erl-
enmeyer flask of large capacity for a period of forty-eight hours or more 
thus permitting thorough diffusion of the moisture. The conditioned 
loose-fill insulation was put in the sample frame and placed in the hot 
plate apparatus. After determination of its thermal conductivity the 
sample was removed immediately from the apparatus and its moisture 
content ascertained by weighing on an A. Ri.iprecht balance. 
Before a sample was placed in the thermal conductivity apparatus, 
the hot plate was heated to about the desired temperature and the rheo-
stats, which were connected in series with the heating elements (see fig-
ure 4), were adjusted in such a manner as to secure an approximate state 
of thermal equilibrium between the main unit and the compensatory unit, 
and between the hot plate and the guard ring. This preliminary measure 
reduced to five hours the time required for the flow of heat through the 
sample to reach a steady state and thus minimized the loss of moisture 
from the sample due to evaporation. 
A Weston A.C. ammeter which had been checked in the Physics De-
partment Standards Laboratory was used to measure the power supplied 
to the main heating coil. A potentiometer arrangement was employed to 
measure the electromotive force of the thermocouple between hot plate 
and cold plate. The relation between thermal electromotive force and 
temperature was taken from a calibration curve for copper-constantan. 
SOURCES OF ERROR 
The probable sources of error in these investigations will be discussed 
as follows: 
(a) Errors in the measurement of power supplied to that portion of the 
main heating element directly opposite the hot plate; 
(b) Errors in the measurement of temperature; 
(c) Errors in the measurement of thickness of sample; 
( d) Errors inherent in the type of insulation tested; 
(e) Thermal leakage. 
The measurement of the power supplied involved the measurement 
of the current flowing in the main heating element and the determination 
of the length of resistance ribbon directly opposite the hot plate. The 
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error introduced in determining the current was probably small as the 
accuracy of the ammeter used was well within the limit of accuracy of 
the apparatus considered as a whole. The precision of measurement of 
the length of resistance wire was as great as could be secured through 
the careful use of a steel metric rule as the measuring device. The length 
was calculated from measurements made before the element was wound 
and checked by a measurement made before winding. Computations of 
the total resistance made on the bases of these two measurements differed 
by less than 0.1 ohm. 
Errors in the measurement of temperature were small since the pre-
cision of the White potentiometer was all that could be desired. The ac-
curacy of the thermocouples built into the apparatus was checked in the 
following manner. These thermocouples were used in conjunction with 
the potentiometer circuit to obtain data for cooling curves of the appara-
tus. The built-in thermocouples were then replaced by standard wire 
thermocouples and another series of cooling curves obtained. In no case 
did corresponding cooling curves of these two series differ by more than 
one per cent. 
The thickness of a sample was taken as the depth of the micarta 
sample frame and this dimension was quite accurately determined 
through the use of a vernier caliper. Since the principal virtue of loose-fill 
insulation lies in the entrapped dead air cells one is justified in assuming 
that the interstices between particles contiguous to the hot plates are 
themselves constituent parts of the thermal insulation sample under con-
sideration. 
Additional errors may have resulted from the inherent nature of the 
type of insulation tested. It is entirely possible that the mathematical 
equations for heat conduction do not hold so rigidly for insulators of 
the loose-fill type as for solids in which the structure, or grain, is exceed-
ingly fine compared to the total thickness of the sample. Tests on samples 
composed of different sizes of particles did reveal a definite variation in 
thermal conductivity but it is not known to what extent this variation 
was influenced by size of particles. 
An important source of error was the transfer of heat by evaporation 
at the hot plate and condensation at the cold plate while testing samples 
of relatively large moisture content. To lessen this error all tests were 
made with the hot plate at a temperature about ten degrees above room 
temperature and the cold plate temperature about ten degrees below that 
of the room. Preliminary tests proved this to be the optimum temperature 
range consistent with minimum time requirements for reaching a steady 
state in the sample. 
It is quite likely that the greatest source of error was that caused by 
thermal leakage, although every available means was employed to guard 
against this defect. There were no facilities at hand for keeping the temp-
erature of the room constant and the edge insulation used proved inade-
quate in the attempt to secure and maintain thermal equilibrium. For the 
duration of any test temperature differences in the null circuits varied 
from two degrees downward to zero degrees. 
Although use was made of a guard ring at the edge of the hot plate 
and a compensatory heating unit was employed to insure the flow of heat 
only toward the cold plate, it is unlikely that thermal leakage was entirely 
eliminated. 
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A special test was designed as a check on the accuracy of the parallel 
banks of thermocouples used to secure a thermal balance between the 
different units of the thermal conductivity apparatus. Four thermocouples 
were attached to the hot plate at widely separated points and the thermal 
electromotive forces between the various thermo-junctions noted over a 
period of two hours. Before beginning the test the apparatus was per-
mitted to reach a steady state with a 5 cm. slab of bonded, ground cork 
between the hot and cold plates. Throughout the duration of the test the 
greatest temperature difference between any two thermo-junctions was 
0.58° Centigrade. 
Particular care was taken to maintain identical conditions in all the 
tests and it is thought that the results obtained are sufficiently accurate 
for purposes of comparison. 
DATA 
Thermal conductivity determinations were made on three widely 
different types of loose-fill thermal insulation, namely, vermiculite, rock 
wool, and ground cornstalks. The two different brands of heat treated 
mica insulation are designated as Vermiculite "A" and Vermiculite "B". 
Two kinds of mineral wool were tested, each at two different densities. 
The qualities of the two kinds of mineral wool are indicated by the terms 
"lumpy" and "carded" which are self-explanatory. Samples of ground 
cornstalks in two sizes were tested. 
For the purpose of maintaining uniformity the same sample was used 
throughout the entire range of moisture contents used in connection with 
any particular type of insulation. For each sample the moisture content 
was increased in successive tests until the thermal conductivity reached a 
value comparable to that obtained for a mass of air of the same size and 
shape, tested under identical conditions. 
All measurements discussed in this report were on samples having a 
thickness of 2.6 cm. and all tests were made with the sample in a vertical 
position. The values of the thermal conductivity, K, were calculated from 
the following formula which was obtained by combining equation (2), 
the steady state solution of the one dimensional heat flow equation, with 
Joule's law: 
12 R' d 
K=-----
J (T2 -T1) 
where K =thermal conductivity in cal sec-1 cm-2 (°C. cm-1 ) - 1 • 
I = current in amperes. 
R' = resistance in ohms cm-2• (R' = 0.032) 
d = thickness of sample in cm. 
J = electrical equivalent of heat. 
T2 -T1 =temperature difference between hot and cold plates in °C. 
The values of the thermal conductivities for the various types of loose-fill 
insulation tested are shown graphically in figures 5 to 9. 
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CONCLUSIONS 
Tests on the various types of loose-fill insulators reveal that there is 
a linear increase of thermal conductivity with increased moisture content. 
The rate of this increase for the three general types of insulation tested 
is roughly indicated in table 7 and a graphical comparison is made in figure 
10. 
TABLE 7. 
Rate of change of thermal ccmductivity with moisture content. 
percentage increase in thermal conductivity 
Type of insulation 
Rock wool 
Vermiculite 
Cornstalks 
percentage moisture content by weight 
7 
2 
7 
5 
7 
.6 
The excessively high rate of increase for rock wool may be accounted 
for, at least in part, by experimental difficulties encountered while humid-
ifying samples of this type. For the greatest efficiency, samples of rock 
wool insulation must consist of light, fluffy material. Agitation of the 
material while conditioning it to the desired degree of hygroscopic mois-
ture content caused the mineral fibers to form into small balls or pellets. 
This tendency, coupled with the addition of moisture, effected quite a 
radical change in the mechanical structure of the rock wool samples. In 
practice the rock wool curve of figure 10 would doubtless have a much 
smaller slope. 
As a basis for checking results, special tests were made with air as the 
insulating medium. Using the 2.6 cm. sample frame and the edge insula-
tion employed in the regular series of tests, the thermal conductivity of 
air was found to be K = 0.000177. In another test on air the sample frame 
and edge insulation were removed thus giving free play to convection 
currents in the room. In this latter test it was impossible to secure a steady 
state. Readings taken over a period of three hours revealed fluctuations 
in the range K = 0.000155 to K = 0.000189. This value of K for air is 
approximately that obtained for loose-fill insulators with a moisture con-
tent of 20 to 35 per cent as shown on the curves in figures 5 to 9. Conse-
quently, it is concluded that, for practical purposes, a hygroscopic mois-
ture content of 20 to 35 per cent by weight completely vitiates the efficacy 
of loose-fill insulation. 
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